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in  corrosion  free  pumps 
MAY  WE  HANDLE  YOUR  ACID  PUMPING  PROBLEMS? 


Our  corrosion-free  pumps  are  specifically 
designed  and  built  for  the  Chemical 
industries.  For  handling  acids  and 
liquids  where  freedom  from  metal 
contamination  is  necessary — your  best 
investment  is  in  Mitchell  pumps. 

Write  for  range  of  sizes  and  details. 


Acid  Pump  Division  of;  L.  A.  MITCHELL  LIMITED 
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37  PETER  STREET  MANCHESTER! 


LONDON  OFFICE:  PORTLAND  HOUSE 


73  BASINGHALL  STREET 


LONDON 


How  many  more  multitudes  can  this  take  ? 

Every  year  there  are  more  people  get  more  from  less,  by  feeding  our 
eating  off  less  land.  In  1955,  there  crops  more  intelligently.  Fisons 
were  2,691  million  mouths  in  the  are  helping  to  do  just  this  on  four 
world,  many  of  them  hungry.  The  continents. 

last  three  years  added  another  mul-  In  Great  Britain,  India,  South 
titude  of  161  million  —  more  than  Africa  and  Canada,  Fisons  men  are 
three  times  the  population  of  Great  testing,  developing  and  manu- 
Britain.  facturing  the  most  up-to-date 

The  not  so  simple  answer  to  the  range  of  compound  fertilizers  on 
dilemma  of  survival  is  that  we  must  the  world  market  today. 


Fisons  for  good  farming 
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In  these  days  of  clean  air  campaigns 

and  Huntington  Heberlein  ceramic  filters,  the  visible  emission 
of  acid  mist  into  the  atmosphere  is  indefensible. 

A  ceramic  filter  may  supply  the  answer  to  your  problem. 

It  did  for  this  50-tons  a  day  sulphuric  acid  plant, 
the  equipment  below  dealing  so  efficiently 
with  the  exhaust  gases  that  the  stack  is  now 
optically  clear  when  the  plant  is  operating. 

For  plant  designed  to  implement  the  Clean  Air  Act 
by  the  high  efficiency  collection  of  acid  mists, 
consult  Huntington  Heberlein  &.  Co.  Ltd. 

They  will  be  pleased  to  advise  you. 

The  process  is  covered  by  patents. 

Other  specialities  incltide: 

Wet  contact  sulphuric  acid  plants 
Saltcake  furnaces-hydrochloric  acid  plants 
Roasting  furnaces. 


ACID 

MIST 

YOUR 

PROBLEM? 


CERAMIC  FILTERS  BY 


Huntington,  Heberlein  &  Co.  Ltd 


DOVER  STREET,  LONDON  W.1.  Phone  :  Hyde  Park  8191  Telex  :  2-3165  Grams  :  Innovation  Wesphone  London  Telex 
Simon-Carves  (Africa)  (Pty)  Ltd:  Johannesburg  Simon-Carves  (Australia)  Pty  Ltd:  Botany,  N.S.W. 
Simon-Carves  Ltd:  Calcutta  Simon-Carves  Ltd:  Toronto 


$2,000,000,000 


In  the  years  since  its  founding  in  1914  Chemico 
has  completed  more  than  1200  projects  for 
the  Chemical  and  Petrochemical  Industries 
all  over  the  World.  It  is  estimated  that  the 
total  value  of  these  contracts  represent  an 
aggregate  erected  value  of  considerably  more 
than  $2,000,000,000.  This  is  an  indication  of  the 
confidencecustomersplaceintheskilland  know 
how  of  Chemico-one  of  the  largest  chemical 
engineering  organizations  in  the  world. 


London  headquarters 
of  Chemico. 


''IsgS  Skills 


CHEMICAL  CONSTRUCTION  (O.B.)  LTD. 
9  Henrietta  Place,  W.1  Tel:  LANGHAM  6571 
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Throughout  the  world,  KREBS  and 
Co.  supply  complete  KUHLMANN- 
KREBS  sulphuric  acid  plants  from 
any  type  of  sulphurbearing  raw 
materials. 


KREBS 


PARIS 


38,  RUE  PARMENTIER  -  NEUILLY  S/SEINE  -  FRANCE  -  PHONE  MAILLOT  95>S0 

KREBSCOMO  PARIS  TELEX 


Review 


The  level  of  world-wide  sulphur  demand 

during  the  first  few  months  of  this  year  has 
been  high  as  indicated  by  increased  output 
notably  of  Frasch  sulphur,  and  a  further 
reduction  of  stocks.  Exerting  the  strongest 
pressure  on  sulphuric  acid  supplies  are  the 
needs  of  the  fertiliser  industry,  which  has 
caused  acid  production  to  reach  new  high 
levels.  Other  major  acid  using  industries  — 
viscose  rayon,  titanium  dioxide  and  chemicals 
—  reflect  the  high  level  of  industrial  activity. 

Frasch  Sulphur  production  remains  at  a 
relatively  high  level  and  stockpiles  are  being 
reduced.  Recovered  sulphur  production  in¬ 
creases  progressively  as  more  capacity  in 
Europe  and  Canada  comes  on  stream.  The 
current  supply  picture,  however,  has  not 
affected  the  tone  of  markets  or  the  price 
situation  which  remains  unstable  and  weak. 
Emphasis  at  present  is  on  consumer  service 
and  quality  of  product.  Price  level  of  European 
Pyrites  is  unchanged.  The  steel  industry’s 
activity  and  the  good  copper  prices  provide 
steady  support  for  residue  values. 

Titanium  oxide  manufacture,  one  of  the 

mo.st  vigorous  “growth”  industries  dependent 
on  sulphuric  acid  and  consuming  annually 
825,0(X)  tons  sulphur  in  various  forms,  is  next 
to  fertilisers  the  largest  sulphur  user.  Its 
inclusion  in  the  manufacturing  pattern  of  all 
industrial  countries  is  progressing  rapidly,  but 
the  two  leading  producing  countries,  the  U.S.A. 
which  accounted  for  about  65%,  and  the  U.K. 
repre.senting  12%  of  world  production  in  1959 
of  three-quarter  million  tons  titanium  oxide, 
have  expansion  plans  which  will  enable  them 
to  retain  their  present  positions,  while  during 
the  next  10  years  world  production  doubles. 

Now  on  stream  is  Freeport  Sulphur  Co’s. 
Grand  Isle  sulphur  dome,  the  world’s  first  off¬ 
shore  sulphur  plant.  Freeport  believe  that  the 


plant  will  eventually  become  a  very  low  cost 
producer  because  the  plant  will  be  an  economic 
one  to  operate;  the  plant  is  highly  automated 
and  requires  fewer  personnel  than  a  similar 
land-based  plant. 

Marked  economic  and  technical  advan¬ 
tages  have  resulted  from  changes  in  the  methods 
of  roasting  pyrites.  These  changes  have  been 
imperative  from  the  point  of  view  of  the  pyrites 
industry  faced  with  the  fact  that  brimstone  is 
now  abundantly  available.  Since  Spain  has  the 
largest  known  amount  of  pyrites  in  the  world, 
Piritas  Espaholas  (Empresa  Auxiliar  de  la 
Industria  S.A.)  have  investigated  the  problems 
associated  with  pyrites  roasting  and  contamina¬ 
tion  with  arsenic  and  have  developed  a  process 
whereby  the  last  traces  of  arsenic  and  lead 
are  eliminated;  use  of  a  special  catalyst  reduces 
contact  time  and  allows  a  smaller  furnace  to 
be  employed,  and  the  residues  obtained  are 
suitable  for  the  iron  and  steel  industry.  It  is 
claimed  that  the  process  can  compete  with  the 
most  nKxlern  methcxls  of  roasting  pyrites  now 
in  use,  e.g.  multi-hearth  furnaces  with  heat 
recovery. 

Australian  sulphur  consumption  in  1959 
again  reached  record  levels  and  were,  at  371,759 
tons,  the  highest  yet  recorded.  Indigenous 
sources  provided  53%  of  the  industry’s  raw 
material,  brimstone  consumption  -  showing  a 
small  drop.  Use  of  pyrites,  however,  increased 
by  2.3%.  Sulphuric  acid  consumption  showed 
a  slight  fall. 

A  noticeable  feature  is  the  more  efficient 
and  economic  utilisation  of  sulphur  obtained 
from  oil  refinery  gases,  and  zinc  and  lead 
smelters. 

Transportation  of  liquid  sulphur  in  the 
U.K.  has  made  great  strides  in  the  past  three 
years  as  the  result  of  the  initiative  of  F.  W. 
Berk  &  Co.  who  now  operate  a  fleet  of 
specially  developed  road  tankers. 


A  maj4»r  Kulpbur 
;£rowtli  industry 


Next  to  chemical  fertilisers,  manufacture 
of  titanium  oxide  is  today  the  largest 
single  user  of  sulphuric  acid.  The  advance  from 
small-scale  production  of  a  specialty  product 
which  lacked  signiticant  industrial  application 
to  the  current  position  when  titanium  oxide 
manufacture  is  a  major  industry  in  at  least  six 
countries  has  occurred  in  the  past  25  years. 
Apart  from  the  growth  of  the  volume  of  world 
production  which  in  1959  is  estimated  to  have 
exceed  three-quarter  million  tons,  a  measure 
of  the  importance  of  titanium  oxide  is  its  in¬ 
troduction  in  the  past  three  to  five  years  into 
the  manufacturing  pattern  of  several  industrial 
economies  notably  in  Europe  and  British 
Commonwealth  countries,  and  its  inclusion  in 
the  development  plans  of  most  of  the  expand¬ 
ing  industrial  economies  in  Asia,  South 
America  and,  of  course,  in  the  Communist 
countries.  The  new  plant  projects  announced 
during  the  past  twelve  months  by  the  estab¬ 
lished  major  producers  and  several  newcomers 
to  the  titanium  oxide  industry  appear  to  meet 
not  only  the  present  needs  but  also  the  antici¬ 
pated  increased  demand  up  to  1963  or  1964. 

Process 

Development  work  on  large-scale  refining 
of  various  titaniferous  raw  materials  progressed 
in  the  late  192()’s  in  Germany,  the  United 
Kingdom  and  the  United  States.  The  marketing 
considerations  of  the  end  products  narrowed 
research  into  two  process  routes  which 
promised  economic  operation  to  compete  in 
the  main  field  of  envisaged  application,  white 
pigments,  which  was  then  dominated  by 
lithopone  and  white  lead.  In  the  U.S.A.  the 
Du  Pont  Company  adopted  sulphuric  acid 
as  well  as  chlorine  as  a  means  of  separating 
the  titanium  dioxide  from  constituent 
iron  and  other  impurities  in  the  ore.  All 
others,  attracted  by  the  abundant  supplies 
and  the  low  cost  of  sulphuric  acid,  concen¬ 


trated  their  development  work  on  the  “Kroll  ’ 
process  in  which  iron  and  other  deleterious 
impurities  in  the  ore  react  with  sulphuric  acid. 
This  division  in  technique  still  persists  and, 
apart  from  the  Du  Pont  works  in  the  U.S.A. 
where  both  the  chlorine  and  sulphate  processes 
are  employed,  the  sulphuric  acid  route  only  is 
being  used  in  all  titanium  oxide  plants  through¬ 
out  the  world,  including  the  U.S.S.R.,  as  far 
as  is  known. 

Notwithstanding  great  improvements  in 
technique  and  unit  scale — the  largest  in  the 
world  is  the  167,000  tons  titanium  oxide  plant 
of  National  Lead  Co.  at  Sayreville,  N.J. — the 
process  remains  operated  batch-wise. 

Titanium  dioxide  is  manufactured  from 
ilmenite  by  digestion  with  sulphuric  acid, 
hydrolysis  of  the  resulting  solution,  removal 
of  impurities,  calcination  to  develop  pigmen¬ 
tary  properties,  grinding,  classifying  and,  in 
some  cases,  coating  to  impart  specific  pro¬ 
perties.  An  anatase  or  rutile  variety  of  titanium 
dioxide  may  be  produced  by  certain  variations 
in  the  operating  conditions  which  determine 
the  physical  characteristics  of  the  pigment. 
Details  of  the  various  stages  of  manufacture 
are  as  follows  : 

Ilmenite  Grinding.  The  ilmenite  ore  is 
air-dried  and  then  ground  in  an  air-swept  ball 
mill  to  a  fineness  of  about  300  mesh.  This  fine 
grinding  ensures  small  and  constant  particle 
size  so  that  its  subsequent  digestion  with 
sulphuric  acid  can  be  properly  controlled. 

Digestion.  The  now  finely  divided  ilmenite 
and  concentrated  sulphuric  acid  are  agitated 
together  in  large  lead-lined  and  tile-lined 
reinforced  concrete  vessels.  The  temperature  of 
the  mixture  is  raised  to  150°C  to  180°C  until 
a  vigorous  reaction  occurs.  The  product  of  this 
reaction  is  a  brownish-green  friable  mass  con¬ 
sisting  of  titanyl  sulphate  and  iron  sulphate. 
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Clarification  and  Crystallisation.  After  the 
process  of  digestion,  the  reaction  product  is 
dissolved  in  water  and  the  crude  solution  then 
passed  to  settling  tanks  for  clarification.  The 
solution  is  freed  from  all  suspended  impurities 
including  unreacted  ore  and  colloidal  silica, 
with  the  aid  of  flocculating  agents  such  as  glue. 
The  liquor  is  then  transferred  to  evaporators 
for  concentration. 

Hydrolysis.  The  concentrated  solution  is 
transferred  to  precipitating  tanks  where  it  is 
hydrolysed  at  boiling  point.  Hydrolysis  is  a 
critical  process  in  the  manufacture  of  titanium 
dioxide  for,  at  this  stage,  by  variation  of  con¬ 
ditions,  the  ultimate  properties  of  the  pigment 
are  determined.  The  process  is,  therefore, 
subjected  to  close  control. 

Filtration  and  Washing.  The  precipitated 
titanium  dioxide  is  concentrated  in  settling 
tanks  and  then  thoroughly  washed  in  a  battery 
of  rotary  filters.  This  is  necessary  to  ensure 
the  complete  removal  of  all  impurities  which 
might  otherwise  affect  the  qualities  of  the  final 
'  pigment.  In  addition,  the  filter  cake  is  treated 
with  conditioning  pigments  prior  to  calcination. 

Calcination.  The  washed  and  purified 
i  titanium  dioxide  in  pulp  form  which  comes 
from  the  rotary  filters  is  next  subjected  to  heat 
treatment  in  a  long  rotary  oil  fired  calciner. 

I  Initially,  during  its  passage  through  the 
calciner,  moisture  and  residual  traces  of 
sulphuric  acid  are^  removed.  However,  the 
)  essential  part  of  the  process  is  the  development 
of  the  crystalline  structure  which  possesses  the 
optimum  pigmentary  properties.  To  this  end, 
I  conditions  inside  the  calciner  are  rigorously 
controlled  and  continuously  monitored. 

Grinding  and  Wet  Treatment.  The 
(  calcined  pigment  is  next  subjected  to  intense 
milling  to  break  up  aggregates.  The  pigment 
may  then  be  packed  for  sale  or,  alternatively, 
I  given  further  treatment.  It  has  been  found 
that  some  properties,  particularly  durability, 
can  be  improved  by  adding  specific  reagents 
I  to  a  slurry  of  the  pigment  in  water  and  sub¬ 
sequently  drying  the  pigment.  When  such  “wet 
treatment”  is  used,  it  is  customary  to  incor- 
I  porate  a  wet  classification  system  to  separate 


the  fine  particles  from  the  coarse,  which  are 
then  ground  further, 

RAW  MATERIALS 

llmenite 

With  few  exceptions  the  manufacture  of 
titanium  oxide  pigments  is  based  on  the  use 
of  ilmenite,  which  occurs  abundantly  through¬ 
out  the  world. 

Its  most  common  (X'currence  is  in  beach 
sands,  where  it  is  found  together  with  rutile, 
another  titaniferous  ore,  zircon  and  often  rare 
earths.  The  major  sources  of  supply  of  beach 
sands  are  Australia,  India,  South  Africa  and 
large  occurrences  have  also  been  identified  in 
West  Africa  and  Uruguay,  llmenite  is  also 
found  in  Norway,  Finland,  U.S.A. — notably 
Florida — Mexico  and  Malaya.  The  composi¬ 
tion  of  the  ore  is  as  follows  : — 

Titanium  Dioxide  ...  ...  45X- — 60% 

Iron  (present  as  oxide)  ...  ...  23% — 40% 

Alumina  ...  ...  ...  Up  to  1% 

Silica  ...  ...  ...  Up  to  1  % 

(Lime,  magnesia  are  also  present) 

Rutile,  containing  about  95%  to  97% 
TiOo,  is  less  abundant  and,  mainly  because  of 


The  calcining  section  of  Laporte  Titanium  Limited's 
titanium  oxide  plant  at  Stallingborough 
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its  higher  cost  and  the  increased  cost  of  pro¬ 
cessing  due  to  the  need  of  its  prior  fusion  with 
alkali  salts  before  solution  can  be  effected,  it 
is  not  used  in  pigment  manufacture  but  con¬ 
fined  to  titanium  metallurgy. 

Of  mounting  importance  as  raw  material 
in  titanium  pigments  manufacture  are  the 
calcines  derived  from  titaniferous  magnetite 
iron  ores.  There  are  major  deposits  in  Canada 
and  Norway,  and  after  being  smelted  in  blast 
furnaces  the  slag  containing  up  to  70%  TiO^ 
and  only  9%  Fe  is  suitable  for  digestion  in 
sulphuric  acid. 

Sulphuric  Acid 

Because  of  the  varying  content  of  iron  and 
other  impurities  in  ilmenite  ores,  the  quantity 
of  sulphuric  acid  used  in  digestion  varies 
between  3  to  4  tons  per  ton  of  titanium  dioxide 
pigment.  When  using  titanium  slag  the 
appreciably  lower  iron  content  reduces  acid 
requirements  to  1  to  1  ^  tons  per  ton  of  titanium 
dioxide  pigment.  66°  Be  sulphuric  acid  is  used. 

It  is  estimated  that  current  world  con¬ 
sumption  in  TiOj  manufacture  is  2.3  to  2.4 
million  tonnes  of  sulphuric  acid,  representing 
approximately  5%  of  total  world  sulphuric 
acid  use.  About  one-half  of  world  acid  con¬ 
sumption  for  titanium  manufacture  is 
represented  by  the  U.S.  industry. 

Estimate  of  Sulphuric  Acid  Consumption  in 
TiO,^  Manufacture 


1949 

1957 

1958 

1959 

1960 

U.S.A . 

710* 

1,130 

1,000 

1,220 

1.200 

U.K . 

112 

319 

328 

408 

450 

Other  W.  Europe 

_ 

’000 

200 

tonnes 

220 

479 

550 

Rest  of  World  ... 

— 

170 

190 

233 

400 

Total  . 

822 

1,819 

1,738 

2,340 

2,600 

Total  World  Acid 
Use  (Mill.  Tonnes) 

25.0 

43.5 

43.0 

46.4 

48.0 

*  Incl.  all  paints  pigments  uses. 


A  measure  of  the  decline  of  the  import¬ 
ance  of  other  pigments  can  be  gained  from 
the  following  comparison  of  output  in  the 
U.S.A. 

White  Lead  :  1925-200,000  t.p.a.  1956-26,000  t.p.a. 
Lithopone  :  1929-200,000  t.p.a.  1958-30,000  t.p.a. 


By  far  the  largest  impact  made  by  the 
titanium  oxide  industry  on  the  sulphuric  acid 
consumption  pattern  is  in  the  United  King¬ 
dom,  where  the  industry  accounts  for  16%  of 
total  acid  use.  In  the  U.S.A.  it  is  estimated  to 
represent  8%,  in  West  European  countries 
producing  titanium  oxide  5%,  and  all  others 
less  than  2%. 

Although  sulphuric  acid  plays  an  es.sential 
part  in  the  manufacturing  process,  its  impact 
on  manufacturing  costs  is  relatively  small. 
This  also  applies  to  the  cost  of  ilmenite  ore, 
of  which  on  average  2  to  2^  tons  is  consumed 
per  ton  of  pigment ;  it  is  estimated  that  raw 
materials  costs  account  for  about  one-quarter 
of  the  posted  selling  price.  Manufacturing 
costs,  however,  are  substantial  in  view  of  high 
capital  investment,  labour  and  fuel  costs.  In 
the  U.S.A.  the  ratio  between  the  cost  of 
sulphuric  acid  used  and  the  posted  price  of 
anatase  titanium  pigment  is  1:7|,  while  in  the 
U.K.  it  is  1:7^.  This  estimate  does  not  take 
full  account  of  the  value  of  steam  derived  from 
heat  recovery  of  sulphur  oxidation  and  con¬ 
version  to  sulphuric  acid.  As  pigment  manu¬ 
facture  requires  large  quantities  of  process 
steam,  integrated  sulphuric  acid  manufacture 
represents  a  substantial  source  of  heat  energy 
which  is  credited  arbitrarily  by  different  pro¬ 
ducers,  from  nothing  to  the  actual  fuel  value 
or  even  the  full  value  of  steam. 

As  yet  the  application  of  recovery  pro¬ 
cesses  of  the  sulphur  content  of  the  main  waste 
product,  copperas,  is  limited.  For  every  ton  of 
pigment  produced  from  ilmenite  about  1|  tons 
of  iron  sulphate  arises  in  the  form  of  hepta- 
hydrate  (FeSOi.7  H^O)  which  causes  a  major 
waste  disposal  problem.  Where  recovery  is 
practised  it  is  first  reduced  to  the  monohydrate 
which  can  then  be  roasted  either  alone  or 
preferably  enriched  with  brimstone  or  pyrites 
or  in  conjunction  with  coal  or  lignite  as  re¬ 
ducing  agent  to  recover  the  sulphate  radical 
as  SOj  which  is  ready  for  reconversion  to 
sulphuric  acid.  British  Titan  Products  Co.  Ltd. 
and  Farbenfabriken  Bayer  AG.  employing 
Dorr  FluoSolid  and  BASF  turbulent  layer 
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roasters  respectively,  have  developed  efticient 
processes.  The  criterion  of  copperas  recovery 
is  as  much  the  saving  of  the  high  cost  of  waste 
product  disposal  as  the  reduction  of  the  net 
intake  of  brimstone  or  other  sulphurous  raw 
materials,  and  thereby  the  size  of  the  raw 
materials  bill. 

PRODUCTION 
United  States  of  America 

Installed  TiO:.  capacity  in  the  U.S.A.,  the 
largest  producer  in  the  world,  is  at  present 
585,000  tons*  and  is  due  to  reach  630,(KX)  tons 
by  the  end  of  this  year. 

Production 

1938 . 58, 1(H)  I957...456.6(K) 

1 947. .  .24(),(X)()  1 958. .  .4()4,9(K) 

1954.. .  367, (HK)  1959...485,(XK) 

With  the  exception  of  1952  when  recession 
substantially  cut  back  demand,  the  U.S.  in¬ 
dustry  operated  virtually  to  the  limit  of 
capacity  up  to  1956.  New  construction 
especially  by  the  Du  Pont  and  American 
Cyanamid  companies  reversed  the  position, 
and  since  then  there  has  been  substantial 
surplus  capacity.  This  has  been  accentuated  by 
exports  declining  from  a  peak  of  49,000  tons 
in  1954,  due  to  increasing  production  activity 
in  Western  Europe  and  more  recently  in 
Canada,  the  largest  individual  foreign  customer 
of  U.S.  industry.  According  to  a  recent  esti¬ 
mate  the  industry  expects  to  expand  its 
capacity  to  800,000  tons  by  1965,  and  over 
1  million  tons  by  1970  of  which  about  80% 
is  likely  to  be  employed. 

£./.  Du  Pont  de  Nemours  isf  Company 

Although  not  wholly  relevant  to  the  survey 
of  sulphuric  acid  use  in  titanium  oxide  manu¬ 
facture,  the  size  of  this  Company’s  operations 
makes  its  inclusion  imperative.  For  at  least  25 
years  the  Company’s  titanium  oxide  operations 
have  been  based  on  the  sulphate  route,  but  in 
recent  years  a  substantial  part  of  the  output 
has  been  derived  from  processing  with  chlorine. 
At  present  the  Company  operates  titanium 
oxide  plants  at  Fdgemoor,  Delaware — 55,000 


tons  per  annum,  and  Baltimore,  Maryland — 
85,(XX)  tons  per  annum.  Both  were  expanded 
substantially  from  1955  to  1957,  but  for  the 
time  being  no  further  expansion  seems  to  be 
contemplated.  The  Company  has,  however, 
recently  brought  on  stream  a  new  plant  at 
New  Johnsonville,  Tennessee,  with  an  annual 
capacity  of  45,fXX)  tons  which  uses  the  chlorine 
route.  This  new  plant  raises  Du  Font’s  capacity 
to  I85,(XX)  tons  annually. 

National  Lead  Company 

The  world’s  largest  individual  producer, 
the  Company  operates  a  plant  at  Sayreville, 
New  Jersey,  167,(XX)  tons  per  annum,  and  one 
at  St.  Louis,  Missouri,  where  production 
capacity  has  in  the  past  two  years  been  raised 
from  83,(XX)  tons  per  annum  to  108,000  tons. 
The  integrated  sulphuric  acid  plants  are  esti¬ 
mated  to  have  an  annual  capacity  of  1.1  million 
tons  (1(X)%  H.SO,).  They  are’  all  contact 
plants  installed  by  Chemical  Construction 
Company  which  since  the  start  of  the  Com¬ 
pany’s  operations  has  built  for  it  fifteen  plants. 
Since  the  reconstruction  of  sulphur  discharge 
and  storage  facilities  at  the  St.  Louis  plant  in 
1954  all  sulphur  supplies  are  taken  in  liquid 
form,  having  been  brought  up  stream  on  the 
Mississippi  from  the  Frasch  domes  on  the  U.S. 
Gulf. 

Glidden  Company 

During  the  past  three  years  the  Company 
has  been  engaged  in  a  major  reconstruction 
of  its  plant  facilities.  The  old  St.  Flelena 
plant  at  Baltimore,  Maryland,  one  of  the  first 
commercial  units  to  be  established,  was  dis¬ 
mantled  and  part  of  the  equipment  placed  at 
the  disposal  of  Ouimicas  Basicas  S.A.  in 
Mexico.  In  its  place  Glidden  Company  has 
built  at  Baltimore  the  new  Adrian  Joyce  works 
with  an  initial  annual  capacity  of  12,000  tons 
and  which  eventually  is  to  be  expanded  to 
60,000  tons.  At  the  Company’s  second  plant 
at  Hawkins  Point,  Maryland,  installed  capacity 
has  in  the  past  two  years  doubled  from  24,000 
tons  to  48,000  tons  per.  annum.  All  Glidden 
Company’s  sulphuric  acid  requirements  are 
bought  in  from  two  major  producers  in  the 


All  quantities  in  this  section  are  in  short  tons  of  2,000  lbs. 
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area.  Titanium  oxide  materials  used  include 
domestic  and  imported  ilmenite  and  titanium 
slag. 

American  Cyanamid  Company 

At  present  the  Company  is  the  third  largest 
titanium  pigment  producer  in  the  U.S.A. 
operating  a  18,000  tons  per  annum  plant  at 
Piney  River,  Virginia,  and  a  plant  at 
Savannah  Creek,  Georgia.  Formerly  consisting 
of  one  unit  of  36,000  tons  per  annum,  a  second 
unit  of  similar  size  was  completed  here  early 
in  1958.  The  Company  produces  its  sulphuric 
acid  requirements,  estimated  at  350,(K)0  tons 
per  annum  (100%  H.SO.). 

New  Jersey  Zinc  Company 

The  latest  comer  to  the  U.S.  titanium 
pigment  industry,  this  Company  entered  this 
industry  by  purchasing  from  American 
Cyanamid  Company  its  plant  at  Gloucester 
City,  New  Jersey,  which  came  on  stream  under 
new  management  on  the  1st  May,  1956,  ex¬ 
tending  the  Company’s  pigment  manufacturing 
activities  which  had  up  to  then  centred  on 
lithopone  production.  The  installed  capacity 
is  20,(XX)  tons  per  annum  and  expansion  plans 
envisage  doubling  this  capacity.  The  Com¬ 
pany  produces  its  own  sulphuric  acid  needs  in 
the  form  of  by-prcxluct  sulphuric  acid  derived 
from  SOj  in  zinc  smelter  gases.  Operations  are 
based  on  the  use  of  titanium  slag  which  the 
Company  obtains  from  Quebec  Iron  and 
Titanium  Company  in  which  it  holds  a  one- 
third  interest. 

United  Kingdom 

The  titanium  oxide  industry  in  the  U.K. 
is  the  second  largest  in  the  world,  a  position 
which  in  the  past  two  years  has  been 
strengthened  by  a  vigorous  expansion  pro¬ 
gramme.  When  completed  in  1962  the  U.K. 
industry  will  have  installed  capacity  for  the 
manufacture  of  155,000  tons  titanium  oxide, 
thereby  maintaining  its  present  share  of  about 
12%  of  world  capacity.  The  impact  of  this 
industry’s  activities  on  sulphuric  acid  manu¬ 


facture  has  been  spectacular  both  in  terms  of 
new  plant — eight  new  installations  are  solely 
devoted  to  meeting  its  needs — and  particularly 
in  the  changes  wrought  in  the  sulphuric  acid 
consumption  pattern.  Current  consumption  of 
over  4(X),(X)0  tons  (1(X)%  HjS04)  annually  is 
the  second  largest  single  acid  outlet,  represent¬ 
ing  16%  of  total  use  and  is  surpassed  only  by 
that  of  the  phosphate  fertiliser  industry.  In 
addition  to  meeting  mounting  domestic  re¬ 
quirements,  notably  of  the  paint  and  paper 
industries,  U.K.  titanium  oxide  has  established 
itself  in  world-wide  export  markets. 

British  Titan  Products  Company 

The  largest  producer  of  titanium  oxide  in 
the  U.K.  and  the  third  largest  in  the  world, 
British  Titan’s  share  capital  of  £8  million  is 
owned  by  Imperial  Chemical  Industries 
Limited,  Goodlass,  Wall  &  Lead  Industries  and 
Imperial  Smelting  Company  (30^%  each)  and 
R.  W.  Greetf  Limited  (9%) — all  companies 
having  old-established  interests  in  the  paint 
and  pigment  industries.  At  present  the  two 
plants  of  British  Titan  Products  Co.  Ltd.  have 
a  joint  production  capacity  of  90,(X)0  tons 
which  is  shortly  to  be  increased  to  105,000 
tons.  Nearly  four-fifths  of  the  Company’s  out¬ 
put  originates  at  Grimsby  where,  following  last 
year’s  completions  of  plant  expansion  to 
70,(X)0  tons  per  annum,  installed  capacity  is 
now  being  increased  by  15,0(X)  tons  to  85,(XX) 
tons.  Over  the  past  three  years  the  Company 
has  substantially  increased  its  sulphuric  acid 
capacity  which  is  now  8(K)  tons  per  day  (1(X)% 
HjSO,)  represented  by  three  Chemico  plants 
based  on  Cyprus  and  Canadian  pyrites  con¬ 
centrates  with  daily  capacities  of  140,  160  and 
180  tons  (1(X)%  HjS04),  one  Chemico  brim¬ 
stone  acid  plant  of  180  tons  and  one  brimstone 
acid  plant  of  140  tons  built  by  Simon- 
Carves  Limited.  No  decision  has  yet  been 
reached  on  the  means  of  supplying  the  acid 
needs  of  the  latest  titanium  oxide  plant 
expansion  project. 
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British  Titan  Products  Co.  Ltd.  C>eneral  view  of  the  250  tons  per  day  sulphuric  acid  plant  at  Billingham 


At  Billingham  the  Company  operates  a 
250  tons  per  day  (1(K)%  HjSO,)  contact  acid 
plant  based  on  brimstone,  which  when  com¬ 
missioned  by  Chemico  last  September  enabled 
British  Titan  to  dispense  with  acid  hitherto 
bought  from  the  nearby  works  of  Imperial 
Chemical  Industries. 

Total  production  facilities  of  nearly  1,1  (X) 
tons  per  day  (l(X)yo  H.SOi)  make  the  Com¬ 
pany  the  largest  sulphuric  acid  manufacturer 
in  the  British  Commonwealth  and  among 
the  twelve  largest  in  the  world. 

As  indicated  above  British  Titan  Products 
operate  a  copperas  recovery  plant,  based  on 
the  Company’s  patented  design  and  process. 
At  present  only  one  of  three  units  of  the  first 
ferrous  sulphate  decomposition  plant  in  the 
U.K.  is  in  operation  and  the  satisfactory 
results  obtained  px^int  to  an  increase  in  the 


level  of  this  activity.  The  installations  com¬ 
prise  spray  dryers  installed  by  Kestner 
Evaporator  and  Engineering  Co.  of  London, 
which  reduce  iron  sulphate  heptahydrate  to 
the  monohydrate,  and  Dorr  FluoSolid  reactors 
originally  installed  by  Chemico  to  roast 
pyrites.  Coal  is  used  as  reducing  agent  and 
the  unit  produces  sufficient  SOj  to  make  about 
60  tons  per  day  (100%  HjSO,)  of  sulphuric 
acid,  one-third  of  the  plant’s  capacity. 

The  expansion  project  in  the  U.K.  is  part 
of  a  world-wide  expansion  scheme  which  will 
add  a  total  of  60,000  tons  per  annum  to  the 
capacities  of  the  Company’s  and  its  sub¬ 
sidiaries’  titanium  oxide  plants.  A  substantial 
proportion  of  the  overall  cost  of  the  scheme 
— £14  million — is  to  be  met  from  retained 
profits. 


Laporte  Titanium  Limited 

One  of  the  key  subsidiaries  of  the  Laporte 
Industries  Group,  the  Company  was  the  first 
to  manufacture  titanium  oxide  in  the  U.K. 
in  1927.  Until  recently  it  was  known  by  the 
name  of  National  Titanium  Pigments  Limited. 
At  Stallingborough,  Lines.,  the  Company  at 
present  operates  a  30,(XX)  tons  per  annum 
plant  which  is  due  to  be  expanded  by  the  end 
of  1962  to  5(),(KK)  tons.  The  expansion,  which 
is  to  involve  an  investment  of  £3^  million,  is 
expected  to  be  financed  from  the  Group's  own 
resources.  The  bulk  of  the  present  sulphuric 
acid  needs  is  met  from  two  integrated  contact 
acid  plants.  One  built  in  1953  by  .Simon-Carves 
l.imited  is  a  flash  roaster  which  has  a  capacity 
of  100  tons  per  day,  using  principally  Cyprus 
Mines  Corporations'  flotation  concentrates.  The 
other,  a  brimstone  acid  plant  with  a  capacity 
of  175  tons  per  day  was  built  in  1957  also  by 
Simon-C  arves  Limited  to  meet  the  rising  acid 
needs.  The  balance  of  sulphuric  acid  require¬ 
ments  is  supplied  by  l.aporte  Acids  Limited 


l.uporie  I'iluiiiuiii  l.ld.  I'uit  of  the  sulphuric  acid 
plant 


from  plants  at  Huddersfield  and  Castleford. 
The  former,  consisting  of  a  number  of  units 
based  on  brimstone,  pyrites  and  spent  oxide, 
and  incorporating  lead  chambers  as  well  as  a 
contact  convertor,  is  at  present  being  rebuilt 
and  modernised  and  will  probably  operate 
predominately  on  brimstone  and  conversion 
by  the  contact  process.  The  plant  at  Castleford 
is  similar  in  size  and  modus  operandi  to  the 
Stallinborough  installation.  By  integrating  the 
group’s  sulphuric  acid  facilities  present  de¬ 
mand  is  met,  but  additional  sulphuric  acid 
capacity  is  expected  to  be  installed  under  the 
expansion  scheme. 

Western  Germany 

Although  early  development  work  was 
pioneered  by  the  Germans,  commercial  scale 
production  of  titanium  pigment  did  not  com¬ 
mence  until  1956  when  Farbenfabriken  Bayer 
AG.  in  conjunction  with  National  Lead  Co. 
of  St.  Louis,  Mo.,  established  jointly  Titan 
Gesellschaft  GmbH,  who  built  a  50,(XK)  tons 
per  annum  titanium  oxide  pigment  plant  at 
Uerdingen.  A  second  plant  of  similar  capacity 
came  on  stream  in  1959.  Both  plants’  sulphuric 
acid  needs  are  met  from  Farbenfabriken 
Bayer’s  vast  acid  installations  capable  of  pro¬ 
ducing  over  three-quarter  million  tonnes  (100% 
H.SO,)  annually,  and  hitherto  based  ex¬ 
clusively  on  pyrites.  The  net  requirements  of 
the  titanium  oxide  plant  are  minimised  by 
the  recovery  of  the  sulphur  content  in 
copjjeras.  A  200,000-ton  copperas  plant  is 
designed,  allowing  for  losses,  to  yield  53,000 
tonnes  SOj  and  55,(XX)  tons  of  63%  Fe  iron 
oxide.  Initially  the  process  was  based  on  the 
admixture  of  lignite.  Bayer  have,  during  recent 
months,  been  using  elemental  sulphur,  thereby 
augmenting  the  acid  yield.  There  is  also  pro¬ 
vision  for  concentrating  the  dilute  acid  effluent 
from  the  titanium  oxide  plants. 

A  further  reduction  of  acid  needs  is 
envisaged  when  a  growing  proportion  of  the 
ilmenite  feed  is  replaced  by  titanium  slag. 


Negotiations  in  this  respect  are  believed  to 
be  in  progress  with  Titan  A/S  of  Norway  and 
Canadian  slag  producers. 

In  December  of  last  year  E.I.  Du  Pont 
de  Nemours  of  Wilmington,  Del.,  and 
Sachtleben  AG.  of  Cologne  joined  forces  and 
established  Pigment  Chemie  GmbH.,  in 
which  the  German  partner  will  hold  74%  of 
the  initial  share  capital  of  DM.  35  million 
(£3  million).  The  plant,  in  respect  of  which 
Du  Pont  will  provide  the  technical  experience 
and  “know-how”,  is  to  be  erected  at  Homberg 
on  the  Lower  Rhine  within  the  next  two  years 
and  will  have  an  annual  capacity  of  18,00() 
tonnes. 

Sachtleben  AG.,  the  leading  lithopone 
manufacturer  in  Germany  operates  West  Ger¬ 
many’s  largest  pyrites  mine  at  Meggen  which 
yields  a  zinciferous  ore.  The  calcine  of  this 
ore  contains  about  10%  to  12%  zinc  in  the 
form  of  oxide,  and  after  treatment  this  con¬ 
centrated  material  is  used  in  lithopone  pro¬ 
duction.  It  is  not  yet  known  whether  the 
Homberg  plant  will  purchase  acid,  of  which 
substantial  quantities  are  available  from  zinc 
smelters  and  from  nearby  pyrites  plants,  or 
whether  it  will  have  integrated  acid  production 
facilities  based  on  Meggen  pyrites. 

The  new  titanium  oxide  production 
facilities  can  be  expected  to  satisfy  domestic 
needs  of  Germany’s  large  paint,  paper  and 
rubber  industries,  which  hitherto,  have  in  part 
been  met  by  imports. 

Holland 

A  major  titanium  oxide  project  has  been 
agreed  between  N.V.  Billiton  of  The  Hague 
and  Albatros  Zwavelzuur  Fabrieken  N.V. 
of  Utrecht.  The  plant  is  to  be  built  at 
Botlek  in  the  newly  reconstructed  port  area 
of  Rotterdam  and  will  have  an  initial 
annual  capacity  of  10,000  tonnes  when  it 
comes  on  stream  early  in  1962.  The  Billiton 
Company’s  participation  is  55%  and  that  of 
Albatros  45%.  Technical  “  know-how  ”  is  to 
be  supplied  by  the  Glidden  Company  of 


Baltimore,  Maryland,  and  investment  is  en¬ 
visaged  to  total  D.Fl.  30  million  (£2|  million) 
of  which  D.Fl.  25  million  will  be  devoted  to  the 
new  plant,  the  rest  as  working  capital. 
Sulphuric  acid  supplies  will  originate  from 
the  new  sulphuric  acid  plant  now  under 
construction  at  Pernis,  as  a  joint  enterprise  of 
Albatros  Superfosfaatfabrieken  N.V.,  Holland’s 
leading  phosphate  fertiliser  manufacturer,  and 
Cyprus  Mines  Corporation.  Based  on  pyrites 
concentrates,  the  plant  is  to  embody  the  latest 
techniques  of  heat  recovery  to  ensure  that 
sulphuric  acid  is  produced  at  the  lowest 
possible  cost  and  capable  of  competing  in  an 
area  where  Europe’s  cheapest  sulphuric  acid 
is  available  most  plentifully. 

France 

Installed  production  capacity  is  at  present 
25,000  tonnes  per  annum  titanium  oxide. 
Produits  Chimiques  de  Thann  et  Mulhouse  at 
Strasbourg  is  an  old-established  manufacturer 
whose  installed  capacity  of  10,000  tonnes  per 
annum  has  not  been  adequate  to  meet  grow¬ 
ing  French  pigment  needs.  The  plant  is  inte¬ 
grated  with  the  Company’s  substantial 
sulphuric  acid  facilities  which  are  based  on 
brimstone  and  indigenous  pyrites. 

In  1958  to  fulfil  evident  demand  Cie.  St. 
Gobain  in  co-operation  with  the  National  Lead 
Co.  established  Le  Titane  S.A.,  to  produce 
titanium  oxide  at  Le  Havre.  The  plant  with 
an  annual  capacity  of  15,000  tonnes  obtains 
its  sulphuric  acid  needs  from  the  nearby  works 
of  Cie.  St.  Gobain  which  has  a  daily  capacity 
of  240  tonnes  (100%  H.SOj)  based  on  brim¬ 
stone  and  HjS.  The  latter  is  recovered  at  the 
adjacent  oil  refinery. 

Belgium 

Established  as  recently  as  1957,  Societe 
Chimique  des  Derives  du  Titane  is  owned  by 
Belgian  interests  and  National  Lead  Co.  of  St. 
Louis,  Mo.,  which  has  a  majority  holding 
in  the  Company.  Believed  to  have  an  annual 
production  capacity  of  10,(XX)  tonnes  titanium 
oxide,  manufacture  is  based  on  the  use  of 
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(>enenil  view  of  1 50>tons>per-da.v  brimstone  burning  plant  of  N.V.  ISieuwe  INederlandscbe  iVlaatsehappij 
Spicgelglas  at  Sas  van  Gent.  About  20%  of  the  company's  acid  production  is  sent  to  Soc.  Chimiquc  des  Derives 

du  Titanc 


Canadian  titanium  slag  while  sulphuric  acid 
requirements  are  bought  in  primarily  from 
the  nearby  works  of  N.V.  Nieuwe  Neder- 
landsche  Maatschappij  tot  vervaardigen  van 
Spiegelglas  at  .Sas  van  Gent  and  also  from 
members  of  the  Asybel  Group.  At  Sas  van 
Gent  sulphuric  acid  manufacture  is  based  on 
a  40  tonnes  per  day  pyrites  acid  plant  and  a 
new  150  tonnes  brimstone  acid  plant  built  by 
Werkspoor  N.V.  in  1958;  the  other  suppliers 
derive  their  acid  supplies  predominately  as  a 
by-product  from  zinc  smelter  gases. 

Italy 

Titanium  oxide  has  been  manufactured 
for  a  number  of  years  by  Soc.  Montecatini  as 
an  essential  product  of  the  Company’s  com¬ 


prehensive  range  of  pigment  materials.  The 
Company’s  first  plant  at  Bovisa  (Milan)  which 
had  an  annual  capacity  of  6,(XX)  tonnes  was 
extended  to  9,(XX)  tonnes  in  1954.  A  new  plant 
came  on  stream  in  1955  and  its  present 
capacity  following  an  expansion  in  1957, 
located  at  Spinetta  Marengo,  is  believed  to  be 
also  9,0(X)  tonnes.  The  plants’  sulphuric  acid 
needs  are  supplied  from  Soc.  Montecatini’s 
own  resources  which  are  based  on  pyrites. 

Spain 

Built  in  the  late  194()’s  the  titanium  oxide 
plant  of  Union  Ouimica  del  Norte  de  Espana 
S.A.,  Bilbao,  with  an  annual  capacity  of  about 
7,(X)0  tonnes,  is  still  the  only  producer  in 
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Spain.  Ii  is  pari  of  a  wide  range  of  chemicals 
manufacturing  facilities  which  include  a  pyrites 
based  sulphuric  acid  installation. 

Finland 

Construction  started  in  1959  of  an  im¬ 
portant  titanium  oxide  project.  The  plant  with 
an  annual  capacity  of  I6,0(X)  tonnes  of 
primary  rutile  —  quality  titanium  oxide,  is 
being  built  by  Vuorikemia  Oy,  is  likely  to 
come  on  stream  this  year.  Ilmenite  require¬ 
ments  are  to  be  met  from  local  deposits,  while 
its  sulphuric  acid  needs  will  be  met  from  a 
new  5(),(XX)  tonnes  per  annum  contact  acid 
plant  being  built  nearby  by  Rikkihappo  ja 
Superfosfaattitehtaat  Oy.  By-product  smelter 
gas  from  the  copper  smelter  of  Outokumpu  Oy 
is  supplying  the  sulphur  requirements.  A 
feature  of  the  operations  is  the  envisaged 
storage  of  the  copperas  in  crystal  form  with 
a  view  to  recovery  at  a  later  date.  Despite 
every  endeavour  made  to  ensure  low  cost 
operations,  it  is  unlikely  that  Finnish  titanium 
oxide  will  be  competitive  with  imports,  a  large 
proportion  of  which  has  come  from  the  United 
Kingdom.  The  Finnish  Government  is  under¬ 
stood  to  have  assurred  the  enterprise  of  some 
financial  assistance,  probably  in  the  form  of 
capital  and  tax  facilities  to  ensure  its  success. 
Apart  from  the  mounting  Finnish  titanium 
oxide  consumption,  notably  in  the  paper  in¬ 
dustry,  this  new  industry  helps  to  diversify 
further  the  struggling  Finnish  economy. 

Canada 

One  of  the  world’s  largest  markets  mainly 
on  account  of  its  paper  indu.stry,  Canada  re¬ 
mains  the  principal  export  outlet  for  the  U.S. 
titanium  oxide  industry,  and  is  also  an  im¬ 
portant  market  for  the  U.K.,  notably  British 
Titan  Products  Co.  Ltd.  which  quadrupled  its 
sales  between  1950  and  1957  when  the  Com¬ 
pany  accounted  for  one-half  of  total  titanium 
dioxide  sales  in  this  country.  The  first  domestic 
plant  was  built  in  1956  when  Canadian 
Titanium  Pigments  Limited,  a  subsidiary  of 
National  Lead  Co.  of  St.  Louis,  Mo., 
projected  a  18,000  tonnes  per  annum  installa¬ 
tion  at  Varennes,  Quebec,  on  the  South 


Bank  of  the  St.  Lawrence  River.  Based  on 
titanium  slag  its  sulphuric  acid  needs  are 
modest.  There  is  an  integrated  sulphuric  acid 
plant  with  an  annual  capacity  of  50,000  tons 
(100%  H.SO,)  based  on  brimstone.  Although 
the  plant  was  the  first  in  Canada  to  use 
Mexican  Frasch  sulphur,  its  main  supplies  con¬ 
tinue  to  be  bought  from  U.S.  Frasch  mines. 
Under  the  world-wide  expansion  scheme  of 
British  Titan  Products,  a  plant,  the  largest 
individual  project,  is  to  be  built  at  Sorel, 
Quebec.  It  will  produce  both  anatase  and 
rutile  types  of  titanium  dioxide  at  an  annual 
capacity  of  20,(XX)  tons,  involving  capital 
expenditure  of  £6  million.  The  design  will 
facilitate  considerable  expansion  at  a  later 
date.  It  will  have  an  integrated  sulphuric  acid 
plant  based  on  brimstone. 

Australia 

Manufacture  of  titanium  oxide  is  con¬ 
fined  to  the  operations  of  Australian  Titan 
Products  Company  Limited,  a  subsidiary  of 
British  Titan  Products.  The  works  at  Burnie, 
Tasmania,  have  an  annual  capacity  of  8,(XX) 
tons  which  under  British  Titan’s  Common¬ 
wealth  expansion  scheme  is  being  raised  to 
I0,(XX)  tons  by  the  end  of  this  year.  By  early 
1962  output  is  to  be  raised  to  16,(XX)  tons  per 
annum  and  by  mid- 1963  to  22,000  tons.  The 
plant’s  sulphuric  acid  needs  are  wholly  met 
by  the  purchase  of  by-product  sulphuric  acid 


.Soc.  \1ontecalini.  General  view  of  the  titanium  oxide 
plant  at  Spinetta  Marengo 
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from  the  Electrolytic  Zinc  Co.  of  Australasia’s 
installations  at  Ristlon,  Tasmania,  where  total 
installed  capacity  is  175,000  tons  per  annum 
(100%  HjSOj)  wholly  based  on  sulphur 
dioxide  in  the  exit  gases  of  the  zinc  concen¬ 
trates  roaster, 

India 

Travancore  Titanium  Products  Limited 
has  been  producing  titanium  pigment  for  some 
years  in  a  plant  with  a  capacity  of  1,800  tons 
per  annum  which  is  currently  being  ex¬ 
panded  to  3,600  tons  annually.  Chemiebau  Dr. 
Zieren  of  Cologne  is  building  a  contact  acid 
plant  with  an  annual  capacity  of  16,5(X)  tons 
(1(X)%  H..S04)  based  on  imported  brimstone, 
and  this  is  due  to  come  on  stream  early  this 
year.  In  view  of  the  rapid  growth  of  industrial 
activity  in  India  a  further  increase  of  titanium 
oxide  capacity  is  expected.  When  this  happens, 
the  possibility  of  other  producers  entering  this 
growing  market  cannot  be  excluded. 

Union  of  South  Africa 

Stimulated  by  the  existence  of  large 
reserves  of  titaniferous  raw  materials,  a  pro¬ 
ject  for  indigenous  manufacture  of  titanium 
pigments  was  initiated  in  1956.  African  Ex¬ 
plosives  &  Chemical  Industries  Limited  and 
British  Titan  Products  Company  Limited  in  a 
joint  venture,  in  which  the  former  has  a  40% 
interest,  will  build  a  10,000  tons  per  annum 
plant  at  Umbogintwini.  The  manufacturing 
requirements  of  steam  and  sulphuric  acid  are 
to  be  met  by  A.E.  &  C.I.’s  established  facilities 
at  Umbogintwini,  where  annual  installed 
sulphuric  acid  capacity  wholly  based  on  brim¬ 
stone  is  251,000  tons  (100%  HoS04)  in  the 
form  of  a  93,(XX)-ton  contact  plant,  22,(X)0- 
ton  lead  chambers  and  a  136,()(K)-ton  Peterson 
tower  plant.  The  titanium  oxide  project  due 
to  be  completed  in  1962  forms  part  of  British 
Titan  Products’  recent  expansion  scheme. 

Mexico 

The  country’s  rapidly  expanding  needs, 
coupled  with  the  Government’s  desire  to 
diversify  the  pattern  of  industry,  prompted  in 


1958  two  major  U.S.  producers,  hitherto  ex¬ 
porters  of  titanium  pigments  to  Mexico,  to 
consider  establishing  subsidiary  production 
facilities.  Du  Pont  actually  formed  a  subsidiary 
and  initiated  a  8,(XX)  tons  per  annum  project 
on  which  construction  started.  Simultaneously 
the  Glidden  Company,  co-operating  with 
the  State  banking  enterprise  Nacional 
Financiera  S.A.  agreed  to  provide  to  Quimicas 
Basicas  de  Mexico  S.A.,  know-how  and 
equipment  partly  from  its  redundant  St. 
Helena  plant  at  Baltimore,  Md.  for  a  plant 
of  similar  size.  The  installation  was  to  include 
a  1(X)  tons  per  day  sulphuric  acid  plant. 
Since  existing  demand  was  in  the  region 
of  only  5,0(X)  to  6,(XX)  tons  per  annum  of 
titanium  oxide,  the  joint  capacity  of  the  two 
projects  by  far  exceeded  practicable  outlets 
and  in  1959  both  projects  came  to  a  halt,  while 
appeals  to  the  Government  for  a  measure  of 
protection  and  exclusivity  received  considera¬ 
tion.  It  is  not  known  whether  there  has  been 
a  clear-cut  decision,  but  Du  Font’s  subsidiary 
Pigmentos  y  Productos  Ouimicos  S.A.  de  C.V. 
resumed  construction  in  August,  1959,  and 
the  plant  is  due  to  start  up  in  April  of  this 
year.  Sulphuric  acid  needs  will  be  met  from 
an  integrated  brimstone  acid  contact  plant. 
This,  a  Monsanto-type  60  tons  per  day  (100% 
HoSO,)  sulphuric  acid  unit,  is  being  built  by 
Simon-Carves  Ltd.  of  Cheadle  Heath,  Cheshire. 

Brazil 

The  production  facilities  of  Cia  Ouimica 
Industrial  C.I.L.,  S.A.  of  Sao  Paulo,  which  are 
capable  of  producing  annually  3,(XX)  tons 
titanium  oxide  are  being  doubled  ;  expansion 
is  to  be  completed  this  year.  The  Company 
also  produces  barium  sulphates.  It  operates 
two  sulphuric  acid  plants,  an  old  10  tons  per 
day  Leonard/Monsanto  unit  and  a  50  tons 
Conpan/Monsanto  plant  built  in  1958.  Both 
are  based  on  imported  brimstone. 

ii 

Japan 

Titanium  oxide  manufacture  holds  an 
important  place  in  Japan’s  chemical  industry.  • 
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Installed  capacity  in  1958,  represented  by 
seven  producers,  was  about  45,0(X)  tons  per 
annum.  The  largest  producer  is  Ishihara 
Sangyo  Kaisha  K.K.,  whose  plant  at 
Yokkaichi,  Mei  Prefecture,  has  an  annual 
capacity  of  24,000  tons.  Both  rutile  and 
anatase  types  of  pigment  are  produced  and 
manufacture  is  based  on  ilmenite  from 
Western  Australia  and  increasingly  on  titanium 
slag  from  Canada.  Consequently,  copperas 
disposal  does  not  present  a  major  problem. 
Waste  acid  is  utilised  by  the  Company  for 
gypsum  manufacture.  The  other  producers  are 


as  follows  : — 

Capacity 

Producers  Location  t.p.a. 

Ube. 

Titanium  Industry  Ltd.  Yamaguchi-ken  3,600 

Tochigi  Chemicals  Industry  Ltd.  Tokyo  6,0(X) 

Teikoku  Chemicals  Industry  Ltd.  Osaka  5,400 

Furukawa  Industry  Ltd.  Osaka  3,600 

Sakai  Chemicals  Industry  Ltd.  Osaka  1,8(X) 

Mitsui  Chemicals  Industry  Ltd.  240 


These  manufacturers  use  predominately 
ilmenite  and  the  by-product  copperas  is  sold 
as  red  pigment.  Sulphuric  acid  needs  are 
currently  estimated  at  110,000  to  120.000  tons 
annually,  and  they  account  for  two-thirds  of 
the  requirements  for  inorganic  chemicals 
manufacture  other  than  fertilisers.  Approxi¬ 
mately  half  the  titanium  dioxide  output  is 
consumed  domestically  and  the  balance  is 
exported.  No  immediate  expansion  of  titanium 
capacity  appears  to  be  contemplated.  A  project 
for  3,600  tons  per  annum  titanium  oxide  by 
the  Nisso  Steel  Manufacturing  Company,  which 
is  believed  to  produce  titanium  slag  from 
some  of  its  blast  furnace  operations,  has  not 
been  advanced  beyond  the  preliminary  stage. 


U.S.S.R. 

Titanium  oxide  appears  to  have  been 
produced  on  a  relatively  modest  scale  for 
several  years.  In  1959  it  was  said  that  within 
the  framework  of  the  greater  manufacturing 
effort  for  consumer  goods,  titanium  oxide  is 


to  be  substantially  increased  and  plant  con¬ 
struction  licences  were  obtained  from  France 
and  Japan. 

China 

Small-scale  production  is  reported  and  it 
must  be  expected  that  in  common  with  other 
chemicals  manufacture  the  number  of  plants 
and  their  capacity  are  being  increased  rapidly. 

Czechoslovakia 

As  an  adjunct  to  its  established  pigment 
industry,  a  3,(XX)  tons  per  annum  titanium 
oxide  plant  has  been  in  operation  for  some 
years.  Recent  plans  provide  for  a  major  ex¬ 
pansion  by  the  construction  of  a  new  plant 
which  will  raise  the  country’s  annual  capacity 
to  20,(XX)  tons.  As  existing  sulphuric  acid 
facilities  are  fully  extended,  it  is  expected  that 
the  new  project  will  include  the  construction 
of  an  integrated  sulphuric  acid  plant.  In  antici¬ 
pation  of  Polish  supplies  being  available  next 
year,  this  is  likely  to  be  based  on  brimstone, 
an  assumption  strengthened  by  the  trend  of 
recent  brimstone  purchases  from  the  West. 

Conclusion 

The  outstanding  pigmentation  projjerties 
of  titanium  oxide,  which  impart  exceptional 
opacity,  coupled  with  its  relatively  low  cost, 
inertness  and  non-toxic  qualities  have  assured 
its  superiority  over  the  various  metallic  oxide 
pigments.  Its  use  in  the  manufacture  of  paint 
and  paper  holds  the  key  to  the  world-wide 
growth  of  this  industry.  Moreover,  a  number 
of  lesser  consuming  industries  have  also  found 
in  titanium  oxide  a  valuable  raw  material.  The 
current  U.S.  pattern  of  titanium  oxide  con¬ 
sumption  provides  a  useful  yardstick. 


Paint.  Varnish 

Rubber 

5% 

and  Lacquer 

58% 

Coated  Textiles 

4% 

Paper 

14% 

Printing  Ink 

2% 

Floor  Covering 

5% 

Miscellaneous  ... 

12% 

Of  several  new  uses  of  titanium  oxide 
two  promise  substantial  growth  :  incorporated 
in  proofing  materials  it  imparts  heat  resistance 
and  used  as  a  curing  aid  for  concrete  especially 
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in  road  construction  in  hot  climate  the 
addition  of  titanium  oxide  helps  to  control  the 
rate  of  setting. 

In  the  past  ten  years  world  consumption 
of  titanium  oxide  has  trebled,  and  despite 
the  current  world-wide  expansion  of  demand 
and  plant  capacity,  a  more  modest  rate  of 
growth  must  be  expected  for  the  next  decade. 

In  the  U.S.A.  installed  plant  capacity  has 
been  under-employed  for  at  least  two  years 
and  whereas  demand  elsewhere  especially  in 
W.  Europe  and  the  United  Kingdom  has 
caused  existing  plants  to  be  working  inten¬ 
sively,  the  recently  announced  actual  and 
planned  additions  to  plant  capacity  notably  in 
the  United  Kingdom  and  the  construction  of 
new  plants  in  W.  Europe  and  Commonwealth 
countries  indicate  that  adequate  provision  has 
been  made  to  allow  for  the  anticipated  growth 
in  titanium  oxide  demand  in  the  next  three  to 
four  years. 

Outside  Communist  countries,  world  con¬ 
sumption  is  likely  to  rise  at  an  annual  rate  of 
10%  to  12%  from  the  present  level  of  |  million 
tons  to  reach  over  IJ  million  tons  by  1970. 
In  the  same  period  the  rapid  expansion  of 
chemicals  manufacture  in  the  U.S.S.R.  and 
China  and  the  emphasis  in  Eastern  Europe  and 
U.S.S.R.  on  consumer  goods  could  result  in 
planned  production  of  i  million  tons  annually 
and  probably  more. 

Of  the  two  main  titanium  oxide  pigment 
types,  consumption  tends  to  focus  more  on  the 
rutile  variety.  In  the  U.S.A.  and  the  U.K.  out¬ 
put  and  use  appear  to  have  been  established 
at  75%  rutile  and  25%  anatase  types.  In 
Europe  and  the  Commonwealth  this  trend 
appears  to  be  followed,  despite  the  more 
complex  manufacturing  process  of  the  rutile 
grade.  The  differences  of  opinion  on  the  merits 
of  titanium  oxide  pigment  produced  by  the 
chlorine  or  sulphuric  acid  routes  continue 
unabated  and  inconclusively.  Recently,  in  the 
U.S.A.  it  centred  on  a  claim  by  Du  Pont  that 
chlorine  type  pigment  was  more  readily 
adaptable  to  water-based  paints,  but  this  was 


promptly  rejected  by  the  other  producers. 
Unchallenged  in  the  industry  are  perhaps  only 
National  Lead’s  calcium  sulphate  extended 
pigments  for  which  the  company  expects 
substantial  growth. 

The  current  rate  of  production  of  titanium 
oxide  is  estimated  to  require  about  2.4  millon 
tons  sulphuric  acid,  the  manufacture  of  which 
appears  to  be  based  on  the  use  of  436,000 
tons  Frasch  sulphur,  100,000  tons  recovered 
sulphur,  650,000  tons  pyrites  and  60,(XX)  tons 
sulphur  in  zinc  smelter  gases  and  recovered 
from  copperas,  a  total  of  approximately 
825,0(X)  tons  sulphur  in  all  forms.  Growth  of 
world  consumption  of  titanium  oxide — exclud¬ 
ing  Communist  countries— is  expected  to  result 
in  net  additional  sulphur  needs  of  about 
130,000  tons  in  1961.  By  1965  it  is  estimated 
that  world  consumption  of  sulphur  for  this 
purpose  will  have  risen  to  about  1.2  million 
tons,  while  by  1970  the  titanium  oxide  in¬ 
dustry  is  likely  to  call  on  1.4  million  tons 
sulphur.  The  expectation  of  lesser  rate  of  ex¬ 
pansion  in  sulphur  use  than  of  titanium  oxide 
is  thought  to  be  justified  because  of  the  likely 
increase  in  copperas  recovery  and  the  increased 
use  of  titanium  slag  resulting  in  lower  net 
requirement  of  sulphuric  acid.  Also  the  pos¬ 
sibility  that  plants  other  than  Du  Font’s  in  the 
U.S.A.  may  adopt  the  chlorine  route  of 
manufacture  cannot  be  excluded.  Recent 
technical  advances  in  economic  methods  of 
chlorine  recovery  from  dilute  acid  could  make 
this  form  of  chemical  energy  increasingly 
attractive  in  the  titanium  oxide  industry.  Not¬ 
withstanding  such  developments,  titanium 
manufacture  promises  to  remain  one  of  the 
major  outlets  for  world  sulphur  supply  at  an 
annual  rate,  if  Communist  countries  are  in¬ 
cluded,  of  nearly  2  million  tons  sulphur  by 
1970.  It  is  also  evident  that  despite  the 
relatively  modest  impact  of  the  cost  of 
sulphuric  acid  on  the  cost  of  the  end  product, 
at  present  only  12%  to  14%,  the  need  for  low 
cost  sulphur  remains  imperative  if  the  titanium 
oxide  industry  is  to  continue  relying  pre¬ 
dominately  on  sulphur  in  an  essential  process 
step. 
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Grand  Isle  Offshore  mine.  From  left  fo  ritjhl — Power  plant,  living  quarters,  heliport,  production  platform  and 
hleedwater  unit.  In  the  foreground  the  second  of  the  two  mammoth  deck  sections  for  the  power  plant  is  being 
lifted  hy  an  8t)0  ton  crane.  Each  section  weighs  645  tons 


Freeport  s  Grand  Isle  Sulphur  Dome 

on  Stream 


ON  14th  April  Freept^rt  Sulphur  Co.’.s  Grand 
Isle  sulphur  dome  came  on  stream.  The 
world’s  first  olT-shore  sulphur  plant  Grand 
Isle  will  eventually  cost  approximately  $30 
million  of  which  $8  million  represents  the  extra 
cost  (over  a  shore  installation)  for  building 
seven  miles  off  the  Louisiana  coast  in  the  Gulf 
of  Mexico. 

Sulphur  rights  at  Grand  Isle  were 
acquired  by  Freeport  from  Humble  Oil  in 
1956.  The  contract  stipulated  that  building  of 
the  plant  was  to  begin  in  1958  and  that  pro¬ 
duction  should  begin  in  1960.  It  also  gives 
Humble  50%  of  the  net  profits  from  the 
operation,  with  provisions  for  Freeptirt  to 
amortise  their  capital  investment. 

Contrary  to  industry’s  belief  that  Freeport 
would  have  to  work  Grand  Isle  to  full  capacity 


to  make  it  pay,  even  at  the  cost  of  cutting 
back  production  at  their  other  plants,  the 
company  contends  that  this  plant’s  production 
will  be  based  on  market  conditions— that  is 
sulphur  demand  and  inventory  needs.  Freeport 
also  consider  that  this  off-shore  depx^sit  will 
eventually  become  one  of  the  world’s  lowest 
cost  producers  because  the  plant  will  be  an 
economic  one  to  operate;  the  plant  is  highly 
automated,  and  requires  fewer  personnel  than 
a  similar  land-based  plant.  The  waste  water 
system,  for  instance,  built  on  a  separate 
‘island’  off  the  whole  Y-shaped  steel  structure 
needs  no  men  to  work  it,  except  for  main¬ 
tenance.  Indeed,  Freeport  go  so  far  as  to  say 
that  sulphur  mined  at  Grand  Island  will  cost 
the  company  no  more  than  its  other  sulphur 
production  and  eventually  may  cost  less. 
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Freeport  also  consider  that  Grand  Isle 
will  give  them  a  dominant  position  in  sulphur 
reserves.  At  present  the  estimated  reserves  of 
the  dome  are  not  revealed  although  the 
company  has  indicated  that  it  is  the  third 
largest  sulphur  deposit  in  the  United  States, 
Texas  Gulf  Sulphur’s  Boling  Dome  in  Texas 
and  Freeport’s  Grand  Ecaille  being  larger. 

The  Grand  Isle  Deposit 

The  sulphur  deposit  was  discovered  in 
1949  when  Humble  Oil  and  Refining  Co. 
penetrated  over  200  ft.  of  sulphur-bearing 
limestone  between  1813  and  2075  ft.  while 
drilling  their  No.l-B  oil  prospect.  In  1945, 
Humble  drilled  10  sulphur  prospect  holes, 
eight  of  which  encountered  sulphur  ore.  The 
ore  body  embraces  several  hundred  acres  and 
its  outer  limits  have  yet  to  be  defined  to  the 
north-east,  east  and  south.  One  well,  about 
2,600  ft.  north  east  from  the  nearest  com¬ 
mercial  well,  cut  75  ft.  of  low  grade  sulphur¬ 
bearing  rock  at  7495  ft.,  the  deepest  occurrence 
of  elemental  sulphur  yet  encountered  in  the 
Gulf  Coast  area. 

Depth  of  the  Grand  Isle  orebody  ranges 
from  1,800  ft.  to  2,500  ft.  Within  the  present 
boundary  the  sulphur-bearing  limestone  varies 
in  thickness  from  220  ft.  to  450  ft.  while  the 
sulphur  content  varies  from  an  average  of 
about  15%  in  the  leanest  hole  to  an  average 


.Sctling  deck  section  on  piles  driven  through  and 
cut  off  just  above  template  legs 


of  about  30%  in  the  richest.  Although  the 
sulphur  enrichment  is  stated  not  to  be 
particularly  high,  the  thickness  of  the  orebody 
is  substantially  greater  than  other  Gulf  Coast 
deposits. 

The  sulphur  (Kcurs  in  crystalline  masses, 
in  vugs,  in  disconnected  veinlets,  and  as 
disseminations  throughout  the  rock.  Traces  of 
oil  occur,  so  it  is  expected  that  the  sulphur 
produced  from  this  mine  will  be  discoloured. 
Anhydrite  underlies  the  sulphur  horizon  and 
varies  from  29  ft.  to  190  ft.  in  thickness,  and 
has  the  typical  saccharoidal  texture  found  in 
Gulf  Coast  salt  domes. 

Production  Possibilities 

Mining  is  by  the  Frasch  process  which 
requires  simultaneous  heating  of  several  wells 
by  injecting  water  heated  under  pressure  to 
about  325°F.  The  liquified  sulphur  collects  at 
the  bottom  of  the  well  and  is  reclaimed  by 
air-lift  pumping. 

Production  capacity  at  Grand  Isle  will  not 
be  known  until  Freeport  have  gained  some 
operating  experience.  The  heating  plant,  how¬ 
ever,  has  been  designed  to  deliver  an  average 
of  5  million  gallons  a  day  of  water  at  325°F 
with  a  peak  in  excess  of  5.5  million  gallons 
daily.  If  the  mine  has  a  low  ‘water-ratio’,  as 
Freeport  expects,  then  Grand  Isle  could  pro¬ 
duce  from  2,500  to  3.3(X)  tons  a  day  of  sulphur 
(based  on  a  water  ratio  of  1,500  to  2,(XK) 
gallons  a  ton).  This  would  make  it  one  of  the 
companies  top  producers  (Grand  Ecaille’s  out¬ 
put  has  before  now  averaged  5,5(X)  tons  a  day 
over  a  period). 

Structural  Design  Features 

Basic  facilities  for  the  Frasch  process  are 
the  same  whether  onshore  or  in  the  Gulf,  but 
major  design  problems  have  made  Grand  Isle 
unique. 

%  The  50  ft.  water  depth  at  the  mine 
location  and  the  extremes  of  weather  in 
the  Gulf  impose  special  problems  in  the 
design  and  construction  of  foundations 
0  Historically,  the  Frasch  industry  has  been 
dependent  on  fresh  water  in  large  quantity 
but  as  the  nearest  source  of  fresh  water — 
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Above  :  North-south  section  through  dome.  Right : 
Location  of  Humble’s  prospect  holes,  etc. 

the  Mississippi  River — is  25  miles  away, 
this  need  had  to  be  overcome. 

0  A  safe  reliable,  all-weather  system  was 
required  to  get  the  sulphur  inshore  for 
storage. 

To  mine  the  dome,  men  will  be  working 
on  the  world’s  largest  steel  island,  a  giant 
‘Y’.  Major  units  of  the  installation  are  set  on 
steel-pile  supported  platforms  raised  75  ft.  and 
60  ft.  respectively  above  the  water  and 
connected  by  a  series  of  200  ft.  long  bridges. 
The  clearance  is  needed  as  the  island  must  be 
able  to  withstand  not  only  line  squalls  of 
50-90  m.p.h.  but  also  hurricane  winds  of  over 
100  m.p.h.  that  can  generate  waves  up  to  45  ft. 
high.  In  view  of  the  hurricanes  the  plant  can  be 
shut  down  in  about  an  hour  and  restarted  in 
about  four  hours  with  the  aid  of  a  1,000  H.P. 
Clarke  TA  gas  turbine  which  drives  an 
800  k.W.  Elliott  generator. 

On  one  platform,  the  steam-generating 
plant,  warehouse  and  workshops  are  housed; 
another  platform  holds  the  offices  and  living 
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quarters,  and  a  heliport  is  located  on  a  small 
platform  nearest  the  living  quarters.  From 
this  last  steel  bridges  200  ft.  long  branch  out 
to  two  directional  drilling  platforms  (to  date 
only  one  is  complete).  Each  platform  is  de¬ 
signed  with  openings  to  drill  from  36  surface 
locations. 

Subsidence 

After  depletion  of  the  deposit  calculations 
indicate  that  vertical  surface  subsidence  of 
43  ft.  to  45  ft.  will  have  taken  place  at  the 
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Aerial  view  of  platform.  Power  plant  in  foreground 


centre  of  the  ore  body.  The  living  quarters 
are  expected  to  settle  five  feet  and  the  heating 
plant  about  three  feet,  while  subsidence  at  the 
first  two  production  platform  locations  is  ex¬ 
pected  to  be  about  25  ft. 

Provision  already  exists  for  extending  the 
tubular  supports  to  counteract  initial  settlement 
of  up  to  10  ft. 

The  production  platforms  are  not 
permanent;  they  will  be  salvaged  and  recon¬ 
structed  at  their  original  elevations  after  the 
main  settlement  has  occurred. 

Corrosion  Problems 

Corrosion  of  steel  of  which  the  island  is 
composed  presents  a  constant  problem. 
Cathodic  protection  is  used  to  protect  totally 
submerged  pilings  and  a  diver  will  be  on 
constant  call  to  inspect  the  graphite  anodes 
and  make  any  changes  required.  Heavy  steel 
plate  (i  in.  structural  plate  containing  0.2% 
copper)  has  been  used  for  the  alternately  wet 
and  dry  splash  zones.  As  sulphur  is  withdrawn 
from  the  dome  and  the  structure  settles,  the 
thicker  sections  will  eventually  sink  into  the 
cathodically  protected  zone. 


Dumetcote,  an  inorganic  zinc  silicate 
coating  supplied  by  Amercoat  Corporation  has 
been  applied  in  both  splash  and  salt  air  zones, 
at  an  estimated  cost  of  over  $1  million  (50 
cents/sq.  ft.).  Once  a  year  an  eight-man  team 
will  be  called  upon  for  about  one  month’s 
work  in  recoating  corroded  areas. 

Potential  corrosion  of  contacts  was 
considered  a  hazard  of  the  electronic  systems, 
so  instruments  are  pneumatically  controlled, 
and  to  overcome  problems  of  corrosion  to 
aluminium  and  high  temperature  melting  of 
plastics,  air  lines  are  of  copper. 

Heating  Plant 

Grand  Isle’s  heating  plant,  which  is  the 
world’s  third  largest  Frasch  plant,  is  designed 
to  deliver  an  average  of  5  million  gallons  of 
325°F  water  per  day  with  a  peak  load  in  ex¬ 
cess  of  5.5  million  gallons  a  day.  It  will  burn 
on  an  average  13  million  cubic  feet  of  natural 
gas  daily  and  will  produce  36(),()(K)  lb.  steam 
per  hour  at  6(X)  p.s.i.g.  and  6(K)°F,  generate 
4,5(X)  k.W.  at  2,4(X)  volts  and  compress 
2.5(X)  c.f.m.  of  air  to  I, (XX)  p.s.i.g.  Plant 
efficiency  at  full  load  is  expected  to  be  93.5%, 
a  6.5%  kxss  being  attributed  to  radiation,  and 
stack  losses.  (For  details  of  major  equipment, 
see  page  21). 

Lack  of  fresh  water  is  no  problem.  The 
heating  plant  has  been  designed  to  operate  on 
water  of  any  salinity  for  Freeport  have  spent 
eight  years  of  research  on  the  problems  of  salt 
water  heating,  which  has  been  in  operation  at 
Bay  Ste.  Elaine  from  1952  until  the  plant  was 
shut  down  last  year  (see  page  — ).  Seawater  at 
75°F  is  sprayed  into  the  top  of  preheater 
towers  and  percolates  downward  through  two 
beds  of  ceramic  rings  —  the  upper  bed  raises 
water  temperature  to  140°F  by  contacting 
upward  flowing  stack  gases  from  the  boilers. 
The  lower  bed  raises  temperature  to  190°F 
with  heat  from  six  air-gas  premix  burners, 
then  high-pressure  centrifugal  pumps  pick  up 
the  water  and  force  it  through  20  heat  ex¬ 
changers  to  complete  the  heating  process.  It 
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The  drilling  platform  has  openings  to  drill 
from  36  surface  locations  on  1 1  ft.  centres.  Not 
more  than  12,  however,  will  be  used  at  one 
time.  After  a  prcxlucing  well  has  been  depleted 
of  sulphur,  the  pipe  will  be  salvaged  and  the 
bottom  portion  of  the  well  will  be  plugged 
and  abandoned.  The  same  conductor  pipe  and 
surface  casing  will  be  re-used. 


Each  of  the  36  surface  Uxations  will  be 
used  about  three  times  and  thus  108  wells  will 
be  drilled  from  each  platform.  Bottom  hole 
spacing  will  be  about  175  ft. 


Offshore  the  control  station  is  situated  on 
the  same  platform  as  wellheads.  Takeoffs  for 


Directional  Drilling 

At  Grand  Isle  the  wells  will  be  directionally 
drilled  from  the  multi-well  platform  so  that 
wellheads  can  be  concentrated  in  a  small  area 
while  the  bottom  hole  locations  can  be  widely 
scattered.  Freeport,  of  course,  have  been 
directionally  drilling  since  1944,  but  at  Grand 
Isle  they  believe  that  they  are  drilling  at 
sharper  angles  to  the  vertical  than  is  done 
elsewhere.  The  wells  have  a  vertical  depth  of 
about  2,2(X)  ft.  and  the  end  is  as  much  as 
1,250  ft.  to  one  side  of  the  drilling  platform. 


each  well  incorporate  water-metering  and  con¬ 
trol  equipment. 

Underwater  Pipeline 

Studies  indicated  that  the  most  economical, 
reliable,  all-weather  means  of  getting  the 
sulphur  to  Port  Sulphur  was  by  pipeline  from 
the  mine  to  Grand  Isle,  Louisiana,  and  by 
liquid  barges  from  Grand  Isle  to  Port  Sulphur. 
(The  original  intention  of  transporting 
liquid  sulphur  direct  from  the  offshore  mine 
to  Port  Sulphur  by  barge  has  been  abandoned). 

Sulphur  will  be  piped  into  two  4()-ton 
collecting  tanks,  then  into  the  seven-mile  under¬ 
water  pipeline,  itself  an  engineering  masterpiece. 
This  pipeline,  buried  about  5  ft.  below  the 
Gulf  floor  contains  three  concentric  pipes : 
a  14  in.  O.D.  protective  casing,  a  71  in.  O.D. 
hot  water  jacket  line,  and  a  6  in.  O.D.  sulphur 
line.  IVIaxim!»m  capacity  of  the  pipeline  will 
be  4,5(X)  long  tons  of  sulphur  a  day.  Sulphur 
enters  the  pipe  at  320°F,  but  drops  to  280°F 
by  the  time  it  reaches  the  shore.  Heat  loss  is 
described  as  ‘modest’  as  the  result  of  insulation 
and  air-gap  in  the  pipeline.  This  loss,  it  is 

.Scale  model  of  directional  drilling  platform.  (2ach 
rod  is  a  well;  many  wells  will  be  worked  over  and 
re-completed 


leaves  the  exchangers  at  325°F  and  4(K)  p.s.i.g. 
— enough  pressure  to  force  it  into  the  wells. 


A  portion  of  the  control  console  in  the  offshore 
power  plant 


Right:  Cross  section  of  offshore 
sulphur  line  at  rollers.  Below  : 
Cut-away  perspective  of  off¬ 
shore  sulphur  line 
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estimated,  may  reach  75  million  B.Th.U.  a 
day,  (equal  to  about  $20  a  day). 

Two  additional  pipelines  are  set  alongside 
the  main  pipeline.  One  returns  spent  heating 
water  to  the  mine  and  the  other  provides  a 
limited  source  of  fresh  water  for  the  plant. 
Since  this  water  will  not  be  deaerated  the 
dissolved  oxygen  will  make  it  slightly  corrosive 
and  for  this  reason  the  line  is  protected 
inside  by  a  coating  of  cement. 

Pipeline  Movement  Prohibited 

A  unique  feature  of  the  pipeline  is  stated 
to  be  the  method  of  overcoming  the  thermal 
stresses.  Expansion  joints  have  therefore  been 
eliminated,  and  by  anchoring  the  pipeline 
movement  is  prohibited.  Because  of  the  stress 
the  anchoring  imposes  on  the  pipeline  the 
inner  pipelines  are  constructed  of  a  high 
tensile  steel  having  a  yield  strength  of  about 
60,(XX)  p.s.i. 

Before  being  buried  the  outer  casing  was 
placed  in  10,000  p.s.i.  tension  by  exerting  a 
pull  on  each  end.  The  ends  have  been  fixed 


temporarily  to  an  anchor  structure  while  still 
in  tension,  but  as  the  soil  becomes  remoulded 
around  the  pipeline,  soil  resistance  will  be 
sufficient  to  prevent  appreciable  movement. 

Molten  sulphur  is  transferred  at  the 
Louisiana  coast  to  barges  which  carry  the 
sulphur  25  miles  to  Port  Sulphur,  Freeport’s 
storage  and  loading  terminal  at  the  Mississippi 
River.  The  loading  installation  at  Grand  Isle 
incorporates  a  hydraulic  ramp  which  auto¬ 
matically  adjusts  to  the  level  of  the  barge. 

Personnel 

About  175  men  will  be  required  to  operate 
the  mine  and  sulphur  transport  system.  Of 
these  150  will  operate  the  mine,  but  only  half 
will  be  stationed  at  the  mine  at  any  one  time. 
The  mine  will  operate  24  hours  a  day,  seven 
days  a  week,  excepting  emergency  shutdowns 
due  to  storms  and  hurricanes.  The  men  will 
work  five  consecutive  12-hour  days  living  at 
the  mine,  then  they  will  be  on  leave  for  five 
days.  Helicopters  will  transport  the  working 
personnel  to  the  mine. 

Design,  Engineering,  etc. 

Freeport’s  engineering  staff  have  been 
responsible  for  the  design,  engineering  and 
construction  of  the  Grand  Isle  mine;  to 
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augment  the  department  the  following  were 
called  upon  for  assistance  : 

Bedell  and  Nelson  Engineers  Inc. — detailed 
engineering  design  of  structures  and  power 
plant  facilities. 

A.  H.  Clenn  Associates — wind  and  wave 
forces,  and  design  criteria  for  offshore 
structures. 

Eustis  Engineering  Co. — test  borings  and 
pile  load  determinations. 

Brown  and  Root  Engineers  Inc. — struc¬ 
tural  reviews  of  offshore  platforms  and 
feasibility  studies  for  offshore  sulphur  mine. 
Brown  &  Root  Marine  Constructors  and 
J.  Ray  McDermott  Co. — General  construc¬ 
tion  advice  and  review  of  offshore  con¬ 
struction  aspects  in  relation  to  ‘  lift  ’  sizes 
and  onshore  fabrication. 

Sargent  and  Lundy — overall  review  of  the 
power  plant  design. 

Texas  A.  &  M.  Research  Foundation- 
oceanographic  studies  for  sulphur  pipeline. 
Moran  Towing  and  Transportation  Co. — 
overall  study  of  offshore  sulphur  trans¬ 
portation. 

Heating  Plant  Equipment. 

4  Riley  Type  RX15  pressure  furnaces 
90,(XX)  Ib./hour  6(X)  p.s.i. — 6()0°F  gas- 
tired  waterwall  boiler  with  turbine- 
driven  induced  draught  fans. 


4  mine-water  preheater  packed  towers  with 
6-7  mm.  B.Th.U.  asperating  gas 
burners  and  turbine  driven  forced- 
draught  fans. 

3  Worthington  1,500  k.W.  turbo  generators 
and  excitors  at  150  p.s.i.  exhaust  and 
190  p.s.i.  uncontrolled  extraction  for 
boiler  feed  heating. 

1  Clark  T.A.  gas  turbine  8(X)  k.W.  genera¬ 
tor  and  excitor  self-contained. 

1  Allis-Chambers  3(X)  k.W.  self-contained 
diesel  generator. 

3  Clark  C.M.A.4  830  c.f.m.  1,000  p.s.i. 

motor  driven  air  compressors  and 
excitors. 

4  Pomona  deep-well  pumps  —  3  turbine 

drive,  1  diesel  drive. 

1  Lane  deep-well  pump  with  Ptleuger 
submersible  motor. 

2  Intilco  26  ft.  diam.  water  softeners. 

20  Tubular  heat  exchangers  for  mine 
water. 

2  Griscom-Russell  cupro-nickel  single-stage 
sea-water  flash  evaporators. 

4  Byron  Jackson  Alloy  20,  I,4(X)  g.p.m., 
5(X)  p.s.i.,  turbine-driven,  mine-water 
pumps. 

21  Other  turbine-driven  pumps,  chemical 

injection  system,  boiler  feed  tanks, 
heat  exchangers  and  other  auxiliaries. 


Liquid  barge  loading  facilities 
Grand  Isle  proper.  Two  1,000- 
at  the  mainland  terminal  on 
ton  liquid  sulphur  barges  are 
lied  up  at  the  dock.  The  loading 
tower  is  between  and  near  the 
front  of  the  two  barges.  The 
small  building,  centre  right  is 
an  emergency  healing  plant  for 
use  in  keeping  sulphur  liquid 
in  the  underwater  line  should 
the  offshore  plant  shut  down. 
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a  stable, 
assured  and 
competitive  source 
of  sulphur 

'I'Jie  Rio  'I'inlo  and  '/'Jiarsis  mines  in  Spain  hare  supplied  Ryriles 
for  over  eighty  years  ——'riieir  knoiL'n  reser<'es  are  nnriraHed 
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Australian  Sulphuric  Acid  Industry  in  1959 

Outlook  is  for  Increased  Consumption  of  Brimstone 


ENERALLY,  demand  for  sulphuric  acid 
in  Australia  has  been  increasing  in  recent 
years,  although  there  have  been  some  minor 
setbacks.  A  steady  increase  by  region  has  been 
apparent,  with  the  exception  of  Queensland, 
the  Northern  Territory  and  Tasmania,  where 
metallurgical  projects  have  caused  sharp  in¬ 
creases  in  acid  output  over  the  last  five  years. 
Whereas  the  average  acid  increase  for  all 
Australia  is  estimated  at  38%,  in  Tasmania 
and  Queensland  it  has  been  over  100%. 

Affecting  the  overall  situation  has  been 
the  Tariff  Board’s  report  on  the  sulphuric  acid 
bounty.  Last  June,  the  Government,  after  con¬ 
sidering  the  report  and  the  brimstone  position, 
decided  not  to  encourage  conversion  to  local 
sulphur  containing  materials  (Sulphur  No.  25, 
July,  1959).  This  change  of  policy  is  related 
to  the  now  abundant  world  sulphur  supplies. 
A  fresh  enquiry  is  to  be  conducted  by  the 

Raw  Materials  Used  for  Acid  Manufacture 


1959  1958 


Brimstone  . . 

159,922  18.6% 

170,205 

20.0% 

Pyrites 

248,841  29.1% 

243,142 

28  5% 

Zinc  Cone.  . . 

156,501  18.2% 

152,147 

17.8% 

Spent  Oxide. . 

10,495  1.2% 

12,857 

1.4% 

Other  material 

283,309  32.9% 

272.094 

32.3% 

Total  Raw 

materials  . . 

859,068  100% 

850,445 

100.0% 

Total  Acid 

Sulphur 

Equivalent  . . 

357,665 

353,800 

Non-Acid 

Sulphur  . . 

14,096 

11,916 

HjSOi  Production 

'000  Tons 

"000  Tons 

1959  % 

1958  % 

Brimstone  . . 

468  46.8 

498 

49.4 

Pyrites 

317  31.7 

303 

30.4 

Zinc  Cone.  . . 

122  12.2 

118 

11.9 

Spent  Oxide. . 

II  1.1 

13 

1.5 

Other  Material 

82  8.2 

77 

7.8 

Total 

Production 

1.000  100.0 

1,009 

100.0 

%  Contact  . . 

46.5 

44.2 

Tariff  Board,  to  recommend  rates  of  bounty, 
which,  while  not  designed  to  encourage  further  | 
conversion,  will  honour  the  Australian 
Government’s  obligations  to  the  people  who 
have  co-operated  in  the  past.  | 

With  the  conversion  programme  in  doubt, 
only  limited  progress  has  been  made  in  using  | 
indigenous  materials  and  plans  for  new  brim¬ 
stone  units  have,  in  the  main,  been  held  in 
abeyance.  As  new  plants  are  built  it  is  expected  ( 
that  they  will  be  based  on  brimstone,  except 
where  the  natural  advantages  for  use  of  local 
material  are  outstanding;  this  applies  primarily  ( 
to  zinc  smelters  and  oil  refineries. 

Last  year,  sulphur  consumption  in  all  I 
forms  totalled  371,759  tons,  thereby  surpassing 
the  1958  consumption  of  365,716  tons,  the 
previous  record.  Sulphuric  acid  production  I 
however,  was  slightly  lower  by  8,606  tons  at 
1,(KX),458  tons  1(K)%  H,SQ4  (0.9%). 

I 

Indigenous  sources  of  sulphur  supply  con¬ 
tributed  noticeably  to  Australia’s  requirements 
and  were  53.2%  of  total  sulphur  used.  i 

Consumption  of  various  raw  materials  for 
sulphuric  acid  manufacture  is  estimated  to  have 
represented  357,665  tons  sulphur  in  all  forms, 
an  increase  of  3,865  tons  compared  with  1958. 

Compared  with  1958,  brimstone  con¬ 
sumption  at  159,922  tons  showed  a  drop  of 
20,283  tons  (6.1%)  but  use  of  pyrites  increased 
from  243,142  tons  to  248,841,  a  2.3%  rise. 

A  noticeable  feature  of  the  raw  materials 
used  for  acid  manufacture  is  the  increased 
usage  of  zinc  concentrates  and  other  materials. 

The  tonnage  of  zinc  concentrates  used  has  risen 
by  4,354  tons  (3.5%)  to  156,501  tons.  This  is 
due  to  the  commissioning  in  the  second  half 
of  1958  of  the  new  Risdon,  Tasmania  plant  of 
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Electrolytic  Zinc  Co.  of  Australasia  Ltd.,  with 
a  daily  capacity  of  180  tons.  The  position  with 
regard  to  spent  oxide  is  not  quite  so  favourable, 
however,  the  tonnage  of  10,495  used  showing  a 
drop  of  2,362  (4.8%)  on  the  1958  tonnage. 
The  significance  of  this  drop  in  spent  oxide 
can  be  related  to  the  fact  that  less  town  gas 
was  cleaned.  Usage  of  other  materials— lead 
concentrates,  sludges,  etc.,  at  283,309  showed 
an  increase  of  11,215  tons,  a  2.5%  rise. 


Acid  Production 

Last  year,  production  of  sulphuric  acid 
stood  at  1,000,458  tons,  a  fall  of  8,606  tons 
on  the  1958  total.  Contact  acid  manufacture 
amounting  to  465,200  tons  represented  46.5%  of 
acid  output  compared  with  44%  in  1958.  This 
trend  towards  more  contact  sulphuric  acid 
was  indicated  in  the  figures  for  1958.  Brim¬ 
stone  acid  at  468,487  tons  shows  a  drop  of 
26,622  tons  (46.8%  as  against  49.4%  in  1958). 
Acid  from  pyrites  was  up  from  3()3,(XX)  tons 
(30.4%)  to  317,000  (31.7%),  from  zinc  con¬ 
centrates  from  118,000  (11.9%)  to  \22,QOO 
(12.2%)  and  from  other  materials  from  11,000 
tons  (7.8%)  to  82,0(X)  tons  (8.2%).  Production 
from  spent  oxide,  as  is  indicated  above,  has 
fallen  from  13,000  tons  (1.5%)  to  11,000  tons 
(1.1%). 

Consumption  Changes 

In  1959  there  was  a  significant  change  in 
the  pattern  of  consumption  compared  with  the 
preceding  year.  Acid  used  for  superphosphate 
manufacture  declined  by  2.2%  to  738,742  tons, 
and  that  for  ammonium  sulphate  by  16.5% 
to  76,343  tons.  In  contrast  industrial  require¬ 
ments  reflecting  the  growth  of  secondary 
industries  increased  16.0%  to  183,097,  now 
representing  18.5%  of  total  acid  consumption 
(15.75%  in  1958). 

Manufacturers 

Broken  Hill  Associated  Smelters  Pty.  Ltd., 
prcxluce  about  65,000  tons  a  year  of  98.5% 
acid  from  lead  sintering.  Commonwealth 
Fertilisers  and  Chemicals  Ltd.,  of  Melbourne, 


Raw  Materials 

Tons 

®/ 

1959 

1958 

/o 

changes 

Imported  Brimstone 
for  acid  making  . . 

1 59,922 

170,205 

—6.1% 

Pyrites 

248,841 

243,142 

+  2.3% 

Zinc  Concentrates  . . 

156,501 

152,147 

-3.5% 

Spent  Oxide 

10,495 

12,857 

-4.8% 

Lead  Con.  Aik. 
sludges,  etc. 

283,309 

272,094 

+  2-5% 

Sulphuric  Acid  Production 

Tons.  100% 

H*S04 

Ex  Imported 
Brimstone 

468,487 

498,109 

—1.6% 

Ex  Pyrites 

316,807 

303,414 

r2.4% 

Ex  Zinc  Cone. 

122,119 

117,807 

-3.0% 

Ex  Spent  Oxide 

11,179 

13,154 

—6.5% 

1  Ex  Lead  Cone,  and 

81,866 

76,580 

+  1.6% 

I 

others  .  . 

1  Total  Prod. 

1,000,458 

1,009,064 

-0.9% 

1  Average  %  by 
Contact  Proc. 

46.5 

44% 

Sulphuric  Acid  Consumption 
Tons. 

1  for  Superphosphate  738,742 

756,400 

i 

—  2.2%! 

for  Ammonium 
Sulphate 

76,343 

91,500 

—  16.5%  ' 

for  other  purposes 

183,097 

157,900 

-16.0% 

Total  Consump. 

998,182 

1,005,800 

—  0.8% 

Superphosphate  Production 

Tons 

Made  ..  ..  2,150,413  2,194,482 

i 

1 

-  5.4%' 

Sold 

2,142,231 

2,120,914 

-  1.0% 

Change  in  stocks 

-  8,182 

^  73,568 

-11.9%  1 

Regular  Sulphur  Use 

14,094 

11,916 

+  18.5%  1 

now  have  acid  manufacturing  capacity  total¬ 
ling  about  180,000  tons  a  year,  from  both 
chamber  and  contact  plants.  Raw  materials 
used  by  this  company  include  pyrites,  imported 
and  local-by-pnxluct  sulphur,  spent  oxide  and 
waste  alkylation  acid.  About  70%  of  acid 
production  is  being  consumed  internally  for 
superphosphate  manufacture  with  other 
chemicals  taking  smaller  quantities. 

In  South  Australia,  other  than  a  few 
thousand  tons  of  brimstone  acid  prcxluced  by 
Adelaide  Chemicals  and  Fertiliser  Co.,  entire 
acid  requirements  of  Wallaroo-Mount  Lyell 
Fertiliser  Ltd.  of  Adelaide,  for  superphosphate 
manufacture  are  now  obtained  from  Broken 
Hill  Associated  Smelters  Ltd.,  at  Port  Pirie 
and  for  the  Birkenhead  factory  from  Sulphuric 
Acid  Ltd.,  which  uses  pyrites  as  source 
materials. 
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At  Risdon,  Tasmania,  Electrolytic  Zinc 
Co.  of  Australasia’s  installations  have  a  total 
capacity  of  175,000  tons  a  year  (100%  HjS04) 
wholly  based  on  sulphur  dioxide  from  the 
exit  gases  of  the  zinc  concentrates  roaster. 

Installed  acid  capacity  at  the  Rum  Jungle 
plant  of  Consolidated  Zinc  Corporation  is 
14,0(X)  tons  a  year.  The  entire  acid  output, 
for  which  imported  sulphur  is  used,  is  con¬ 
sumed  in  the  treatment  of  uranium  ore. 

Uranium  producers,  Mary  Kathleen 
Uranium  Ltd.,  Queensland,  report  that 
sulphuric  acid  capacity  is  37,(X)0  tons  a  year, 
using  imported  Frasch  sulphur.  Acid  disposal 
is  100%  metallurgical. 

At  the  Geelong  plant  sulphur  is  obtained 
from  the  adjacent  refinery  of  Shell  Chemical 
(Australia)  Ltd.  Output  will  rise  at  this  unit  to 
30,000  tons  a  year  by  end  1960.  Total  annual 
acid  capacity  of  Sulphide  Corporation  (Pty.) 
Ltd.,  Melbourne,  a  subsidiary  of  Consolidated 
Zinc  Corporation,  in  1959  was  92,000  tons  a 
year.  The  company  has  three  chamber  plants 
using  brimstone  of  40,000  tons  a  year  capacity, 
two  Chemico  contact  plants  using  brimstone 
with  capacity  of  12,000  tons  a  year  and  one 
contact  plant,  using  pyrites,  of  40,000  tons 
capacity  a  year. 

Existing  acid  works  in  operation. 

A. C.F.  and  Shirleys  Fertiliser 

Pty.  Ltd.  . .  . .  Brisbane  Q. 

Cairns,  0. 

Albany  Superphosphate  Co.  Ltd.  Albany  W.  A. 
Australian  Fertilisers  Ltd.  . .  Svdney  N.S.W. 

Pt.  Kembla  N.S.W. 

B. H.A.S.  Ltd.  ..  ..  Pt.  Pirie  S.A. 

Commonwealth  Fertilisers  and 

Chemicals  Ltd.  . .  . .  Melbourne  Vic. 

Cresco  Fertilisers  Ltd.  . .  Geelong  Vic. 

Bayswater  W.A. 

Cumming  Smyth  and  Lyell  Perth  W.A. 

Farmers  Fertilisers  Co.  Ltd.  Freemantle  W.A. 

Bunbury  W.A. 
Geraldton  W.A. 

Department  of  Supply  . .  Mulwala  N.S.W. 
Electrolytic  Zinx  Co.  of  Asia  Ltd.  Risdon  Tas. 

I.C.l.A.  N.Z.  Ltd.  ..  ..  Melbourne  Vic. 

Mary  Kathleen  Uranium  Ltd.  . .  Mary  Kathleen  Q. 
Monsanto  Chemicals  (Aust.)  Ltd.  Sydney  N.S.W. 
Phosphate  Co-operative  Co.  of 
Australia  Ltd.  . .  Geelong  Vic. 

Shell  Refining  (Aust.)  Ltd.  . .  Geelong  Vic. 

Sulphide  Corp.  Pty.  Ltd.  . .  Cockle  Creek  N.S.W. 
Sulphuric  Acid  Ltd.  ..  Adelaide  S.A. 

Territory  Enterprises  Pty.  Ltd.  Rum  Jungle  N.T. 


Plant  Projects 

Work  on  Sulphide  Corporation’s  unit  at 
Cockle  Creek,,  to  operate  on  zinc  smelter  gases, 
is  reported  to  be  progressing  well.  The  250-ton 
a  day  sulphuric  acid  plant  which  Lurgi  AG. 
are  constructing  should  be  completed  by 
mid- 1960.  It  will  operate  on  brimstone  until 
smelter  gases  are  available  from  the  smelter 
plant  which  is  expected  to  begin  operations 
early  in  1961. 

Also  well  up  to  schedule  is  construction 
of  Australian  Fertilisers’  Port  Kembla  Unit, 
which  will  operate  on  copper  smelter  gases. 

When  Sulphide  Corporations’  Cockle 
Creek  project  is  completed  it  is  estimated  that 
Australia’s  capacity  will  stand  at  about 
1,360,000  tons,  i.e.  about  20%  reserve  capacity 
will  be  in  hand.  Acid  demand  in  1964/65,  it  is 
estimated,  will  be  in  the  region  of  1,250,000 
tons. 

Trends 

While  the  use  of  indigenous  materials, 
notably  pyrites,  was  checked  in  1958,  the 
position  was  reversed  in  1959,  with  falls  in  the 
tonnage  of  brimstone  used  in  sulphuric  acid 
production,  but  despite  this,  the  outlook  is  for 
the  increased  consumption  of  brimstone  in 
acid  manufacture.  Non-acid  usage  is  advancing 
significantly.  The  more  efficient  and  economic 
utilisation  of  the  sulphur  content  of  oil  refinery 
gases,  and  zinc  and  lead  smelters  is  becoming 
more  noticeable. 

The  new  synthetic  rubber  plant  now  under 
construction  at  Altona  will  also  take  up  brim¬ 
stone;  up  to  1,000  tons  a  year.  Demand 
for  sulphuric  acid  for  superphosphate  manu¬ 
facture  has  shown  a  steady  upward  trend  of 
recent  years.  This  growth  in  demand  has  been 
checked,  however,  during  the  past  year, 
Queensland  has  shown  a  marked  demand, 
although  this  is  not  as  noticeable  as  in  some 
of  the  Southern  States.  Over  the  next  10  years 
it  is  expected  that  the  superphosphate  pro¬ 
duction  level  will  rise  gradually  by  about 
3%  to  4%  a  year  cumulative  and  in  the  case 
of  Queensland  by  about  8%  a  year.  Similar 
trends  can  therefore  be  expected  in  sulphuric 
acid  production. 
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ELIMINATING  ARSENIC  AND  LEAD  IN 
FLUIDISED  ROASTING  OF  PYRITES 


Spanish  Process  gives  residues  suitable  for  iron  and  steel 
industry:  competes  with  modern  multi-hearth  furnace 


C''HANGES  in  the  methods  of  roasting 
pyrites  have  led  to  marked  economic 
and  technical  advantages.  Until  recently  it 
was  sufficient  to  obtain  maximum  recovery  of 
the  sulphur  content  of  the  mineral  in  the  form 
of  sulphurous  gases  which  are  usually  used 
in  the  manufacture  of  sulphuric  acid.  With 
brimstone  now  abundantly  available,  pyrites  as 
a  raw  material  might  well  be  considered 
uneconomic  unless  other  by-products  can  be 
obtained  to  provide  economic  balance.  Hence 
the  possible  advantages  of  recovering  energy 
in  the  form  of  heat  from  the  reaction  and  iron 
oxide  in  a  usable  form. 


a)  Prcxiuction  of  all  the  iron  as  ferric 
oxide  suitable  for  use  by  the  iron  and 
steel  industry  and  in  a  form  ready  for 
leaching  and  eventual  sintering. 

b)  Removal  of  the  arsenic  and  lead  from 
pyrites. 

c)  Leaving  the  useful  metals,  copper  and 
zinc,  (impurities  in  the  residues  left 
after  roasting)  as  soluble  sulphates. 

d)  Obtaining  gases  with  the  maximum 
concentration  of  sulphur  dioxide  and 
the  minimum  of  sulphur  trioxide. 

e)  Making  the  maximum  use  of  the  heat 
of  reaction. 


Ideal  roasting  conditions 

Six  conditions  are  required  for  successful 
roasting  of  pyrites  :  — 


f)  Ensuring  the  greatest  economy  in 
capital  expenditure  while  complying 
with  the  preceding  conditions. 


TABLE  I 

Principal  Functional  Characteristics  of  Furnaces 
(Used  for  Roasting  of  Pyrites) 


Types  of  Furnaces 

(i) 

Capital  outlay 
for  a  given 
roasting 
capacity 

Suitability 
of  residues  1 
for  the 
iron  and  steel 
industries  { 

Arsenic 

removal 

Sulphation 

Concentration 
of  the 
sulphurous 
gases 

Heat  recovery 
— tons  of 
steam 'tons  of 
pyrites 

Multi-hearth 

Without  heat  recovery 

76 

Good 

Good 

Negligible 

00 

1 

0 

Multi-hearth 

With  heat  recovery 

100 

Good  1 

Good 

Negligible 

1 

00 

0.8 

Rotary  kilns 

75 

Good  1 

Passable 

Negligible 

8-9% 

0 

Nichols  (flash)  (2) 

90 

None 

None 

None 

14% 

1.5 

Fluidised  Bed 
(a)  One  stage 

71 

None  1 

None 

Negligible 

min.  12% 

1.3 

(b)  Two  stage  ; 

(6-1)  2°  Total  . . 
(6-2)  2°  Sulphating 

75 

83 

Passable  , 

Good  1 

Passable 

Good 

Negligible 

Good 

min.  12% 
min.  12% 

min.  1 .2  (3) 
min.  1 .2  (3) 

(1)  JOO  is  taken  as  the  basis  of  the  necessary  capital  outlay  for  a  given  roasting  capacity  (calculations  are  based  on 
160  tons  of  pyritesiday)  in  an  installation  of  hearth  furnaces  with  heat  recovery  boilers. 

(2)  Floatation  pyrites  are  required;  if  these  are  not  available,  an  expensive  mineral  grinding  plant  would  be  necessary, 
which  is  not  computed. 

(3)  Minimum  guaranteed  limits. 
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Fig.  I  Flow  diagram  of  a  two-bed  process  for  elimination  of  arsenic  and  lead  from  pyrites 


When  roasting  Spanish  pyrites  in  any 
furnaces — multi-hearth,  rotary  kilns.  Nichols 
(flash)  and  fluidised  bed  furnaces  in  the  case 
of  Spanish  pyrites — it  has  not  been  found 
possible  to  satisfy  all  the  conditions  indicated 
above. 

If  heat  recovery  is  not  desired  (almost 
a  technical  heresy  to-day),  multi-hearth 
furnaces  have  the  advantage  of  being 
well-tried  (over  a  period  of  40  years).  A  con¬ 
siderable  capital  outlay,  however,  is  required 
for  this  type  of  installation  since  the  furnace 
capacity  required  to  deal  with  1  ton  a  day  of 
pyrites  is  13  times  greater  than  that  required 
for  a  fluidised  bed  furnace  (Table  I).  The 
nearest  approach  is  to  be  found  when  employing 
turbulent  roasting  carried  out  in  a  two- 
stage  fluidised-bed  furnace,  such  as  is  now 
in  use  in  Germany,  the  U.S.  and  Spain  which 
is  preferable. 

Piritas  Espanolas  Process 

Since  Spain  has  the  largest  known  amount 
of  pyrites  in  the  world,  Piritas  Espanolas 
(Empresa  Auxiliar  de  la  Industria,  S.A.)  have 


carried  out  considerable  fundamental  research. 
Spanish  pyrites,  it  should  be  noted,  contain  a 
considerable  amount  of  arsenic  and  Piritas 
Espanolas  have  discovered  that  oxidation  of 
arsenic  sulphide  (the  form  in  which  the  arsenic 
in  the  pyrites  is  given  off  when  it  comes  in 
contact  with  the  hot  turbulent  layer)  is  not 
due  to  an  excess  of  air  but  to  the  reaction 
of  arsenic  sulphide  with  ferric  oxide,  chief 
component  of  the  fluidised  bed,  resulting  in 
the  formation  of  iron  arsenate  which  remains 
fixed  in  the  fluidised  bed. 

As  a  result  of  detailed  investigations  on 
the  elimination  of  arsenic  during  roasting, 
Piritas  Espanolas  have  been  able  to  comply 
with  all  the  conditions  listed  above.  Arsenic 
and  lead  are  jointly  eliminated  as  they  are 
removed  in  the  inert  gases  as  sulphides, 
together  with  the  free  sulphur,  and  the  forma¬ 
tion  of  ferrous  sulphide  (pyrrhotite). 

Piritas  Espanolas  claim  that,  provided 
contact  time  is  sufficient,  the  last  traces  of 
these  elements  can  be  removed.  By  u.se  of 
certain  catalytic  agents,  however,  contact  time 
can  be  reduced  with  consequent  economic 
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advantages,  namely,  a  smaller  furnace  for  the 
same  output. 

Salts  and  oxides  of  maganese,  alone  or 
mixed  with  magnesium  salts,  are  used  as 
catalysts  (I). 

Extraction  of  copper  and  zinc  present 
in  the  residues  is  possible  by  direct  leaching. 
In  the  final  roasting-stage  recirculated  sulphur 
dioxide  and  excess  oxygen  is  used.  Sulphates 
of  copper  and  zinc  are  formed  while  iron  re¬ 
mains  as  ferric  oxide  which  is  insoluble.  The 
re.sidues  are  then  leached  and  an  excellent 
recovery  is  achieved,  the  company  claim, 
without  having  to  reroast  with  sodium  chloride. 
Cost  of  leaching  is  reduced  by  more  than 
12s.  per  ton  of  residues  which  means  a  gain  of 
about  8s.  6d.  per  ton  of  pyrites  roasted. 

Choice  of  furnace 

Using  the  fluidised  bed  technique,  Piritas 
Espaholas  have  investigated  different  types  of 
furnace.  The  best  design  is  stated  to  be  that 
of  furnace  model  22  (2).  This  furnace  is  de¬ 
signed  to  roast  iron  or  copper  pyrites  con¬ 
taining  arsenic  and  lead,  and  ensures  arsenic 


and  lead-free  residues  with  copper  and  zinc 
in  the  form  of  soluble  salts.  (Fig.  I).  The 
furnace  consists  of  two  sections  each  having 
a  superimposed  bed  with  its  advantages  of 
minimum  loss  of  charge  and  maximum 
functional  elasticity.  Bed  1  is  fed  through  P, 
and  is  fluidised  by  the  gases  preheated  in  the 
lower  bed  IV  which  raises  the  temperature  up 
to  650°C  and  in  which  at  least  half  the  sulphur 
content  of  the  mineral  (free  sulphur)  is 
oxidised.  The  solids  then  pass  through  the 
openings  in  the  dividing  wall  to  the  second 
compartment,  bed  11,  which  is  fluidised  by 
the  very  hot  gases  coming  from  the  lower 
bed  III  where  the  temperature  is  raised  to 
840°C  to  850°C  with  a  substantial  amount 
of  arsenic  and  lead  being  carried  away  in 
the  gases.  Solids  (pyrrhotite)  overflow  to 
bed  111  fluidised  by  fresh  air  and  recirculated 
sulphur  dioxide  introduced  through  F,  thus 
controlling  the  combustion  of  nearly  all  the 
sulphur  present  as  sulphide.  The  residues  pass 
through  the  openings  in  the  dividing  wall  to 
bed  IV,  in  which  sulphating  conditions  pre¬ 
vail,  since  it  is  fluidised  by  a  mixture  of  air 


Fik.  II.  Flow  diagram  of  a  single-bed  process  arrangement  for  the  de-arsenification  of  pyrites 


TABLE  II. 


Economic  Comparison  of  the  Processes  of  Roasting  Pyrites 
(Cost  in  £  ton  of  Useful  Pyrite  Roasted) 

Raw  material  :  Arsenical  pyrites  Plan  capacity  I60tons/day 

As  0.5%,  Cu  0.8%,  basis  46%  S.  Working  days  330  in  the  year 

Equivalents:  l£=2.8.U.S.S  -II.76DM  =168  Ptas.  Plant  location  U.K.  (Coastal  Area) 


Roasted  with 

Multi-hearth  furnaces 

Fluidised 
bed  furnaces 

“  P.E.” 

Fluidised  bed  furnaces 

Without 
heat  recovery 

With 

heat  recovery 

One  stage 

Model  2 

Model  22 

Unit  capacity  tons/day 

Total  cost  of  plant  £/  (1) 

40 

217,000 

40 

285,000 

80 

200,000 

80 

214,000 

80 

248,000 

COSTS  £/. 

£  s.  d. 

£  s.  d. 

£  s.  d. 

£  s.  d. 

£  s.  d. 

Useful  pyrites 

4  5  0 

4  5  0 

4  5  0 

4  5  0 

4  5  0 

Pyrites  loss 

6  9 

6  9 

3  6 

3  6 

6  9 

Operating  costs 

13  3 

13  3 

13  0 

14  3 

17  3 

Capital  cost 

19  9 

1  6  0 

18  3 

19  6 

1  2  6 

Total  £/. 

6  4  9 

6  110 

5  19  9 

6  2  3 

6  116 

CREDITS  £/. 

Steam 

— 

7  6 

12  6 

II  6 

II  6 

Residues  (2) 

1  15  3 

1  15  3 

— 

III  3 

2  6  0 

Total  £/. 

1  15  3 

2  2  9 

,2  6 

2  2  9 

2  17  6 

Cost  of  equal  quantity  SOj  . . 

4  9  6 

4  8  3 

5  7  3 

3  19  6 

3  14  0 

Comparison 

Loss 

Basis 

Loss 

Gain 

Gain 

£/ton  pyrites  roasted 

—1.3 

_ 

—19.0 

+  8.9 

+  14.3 

(1)  The  capita!  expenditure  represents  the  total  cost  of  the  corresponding  roasting  plants  with  furnaces,  boilers  (except 
in  the  case  of  hearth  furnaces  without  heat  recovery),  electrofilters  and  includes  buildings,  transport,  installations, 
storage  of  pyrites  and  residues  on  the  plant  site,  platforms,  ladders,  distribution  of  electric  power,  etc. 

(2)  The  residues  are  valued — when  they  are  used  in  the  iron  and  steel  industry — for  their  iron  and  copper  content. 


and  sulphur  dioxide  gases  in  the  correct  pro¬ 
portions.  Bed  IV  also  preheats  the  air  which 
feeds  bed  I  and  permits  final  removal  of  the 
sulphur  remaining  as  sulphide  in  bed  III. 

Furnace  model  21  has  been  modified  to 
roast  pyrites  with  a  low  content  of  non-ferrous 
metals,  in  particular  copper,  where  a  sulphating 
stage  is  unnecessary  or  where  the  residues  are 
to  be  roasted  with  sodium  chloride.  With  this 
type  of  furnace  arsenic  is  stated  to  be 
eliminated  to  less  than  0.02%  and  lead  to  less 
than  0.25%,  and  is  therefore  suitable  for 
roasting  Spanish  pyrites.  Where  it  is  not  re¬ 
quired  to  eliminate  lead  to  such  a  high  degree 
as,  for  instance,  when  the  residues  are  used  in 
the  iron  and  steel  industry,  the  furnace  can 
be  of  more  simple  construction.  Thus,  model  2 
designed  by  Piritas  Espanolas  which  can  be 


used  for  elimination  of  arsenic  (As — 0.07%), 
consists  of  only  adjacent  communicating  beds. 
In  bed  I  a  temperature  of  740°C  to  750°C  is 
obtained  by  controlled  combustion  which  gives 
good  removal  of  arsenic  and  the  pyrites,  in 
which  pyrrhotite  predominates,  passes  to 
bed  II  where  combustion  of  most  of  the 
sulphur  takes  place  in  excess  of  air  at  about 
900°C.  The  heat  produced  is  recovered  in  the 
form  of  steam  (Fig.  2). 

Some  lead  remains  in  the  residues  in  an 
amount  greater  than  is  acceptable  to  the  iron 
and  steel  industry  and  analysis  shows  that 
these  residues  are  similar  to  those  from  multi¬ 
hearth  furnaces. 

In  a  variation  of  furnace  No.  2,  beds  I 
and  II  are  superimposed  and  this  is  found 
to  give  a  better  heat  recovery. 


In  its  various  forms  this  process  has  been 
found  to  produce  residues  suitable  for  the 
iron  and  steel  industry  even  where  the  starting 
material  has  a  high  arsenic  and  lead  content, 
as  is  the  case  with  Spanish  pyrites.  Piritas 
Espanalos  claim  therefore  that  their  process 
can  compete  with  the  most  modern  methods 
of  roasting  pyrites  now  in  use,  e.g.,  multi¬ 
hearth  furnaces  with  heat  recovery. 

With  cupriferous  pyrites,  the  economic 
results  are  said  to  be  even  more  favourable. 
In  Table  2  detailed  costs  of  roasting  pyrites 
are  given  based  on  installations  in  Great 
Britain  and  Spain  using  160  tons  a  day  of  raw 
material  and  working  330  days  a  year,  which 
show  the  economic  advantage  of  the  Piritas 
Espaholas  process  compared  with  that  of  the 


most  modern  multi-hearth  furnace  with  heat 
recovery.  In  particular,  where  the  original 
pyrites  contains  lead,  recovery  of  which  by 
hydrometallurgical  process  would  be 
uneconomic,  the  Piritas  Espaholas  process  is 
considered  outstanding. 

RKFERENCES  : 

(1)  Spanish  Patent  Nos.  208,449,  212,897,  235,440, 
2,847,281;  British  Patent  No.  755,259,  granted 
(24.3.53.);  D.R.P.  1,015,399;  U.S.  Patent  No. 
in  other  countries  to  Instituto  Nacional  de 
Industria,  Madrid. 

(2)  Spanish  Patent  No.  234,9%  (23.4.57);  French 
Patent  No.  1,202.993,  applied  for  in  other 
countries. 

We  are  indebted  to  Piritas  Espaholas, 
Madrid,  Spain,  for  the  information  and 
illustrations  kindly  placed  at  our  disposal. 


Prices  and  Trends 


During  the  early  months  of  this  year  the 
level  of  world  sulphur  demand  has  been 
high  and  this  was  reflected  by  a  widespread 
increase  of  output,  notably  of  Erasch  sulphur, 
and  further  reduction  of  stocks.  Demand 
strengthened  progressively  during  the  latter 
half  of  1959;  and  what  had  seemed  at 
first  a  favourable  development  in  a  number  of 
major  consumption  centres  proved  to  be  an 
almost  universal  advance  prompted  by  the 
higher  level  of  sulphuric  acid  manufacture  and 
also  most  non-acid  sulphur-using  industries 
notably  rayon,  pulp,  rubber  and  agricultural 
chemicals.  The  needs  of  the  fertilizer  indu.stry 
appeared  to  exert  the  strongest  pressure  on 
sulphuric  acid  supplies  and  caused  acid  pro¬ 
ductions  to  reach  new  high  levels.  In  W.  Europe 
heavy  acid  demand  for  ammonium  sulphate 
and  superphosphate,  in  particular  triple, 
coincided  with  mounting  needs  of  other  major 
acid-using  industries,  notably  viscose  rayon, 
titanium  oxide  and  chemicals,  and  of  many 
lesser  users  reflecting  the  high  level  of  industrial 
activity.  In  the  U.S.A.  strength  has  not  been 
as  pronounced,  partly  on  account  of  the  delay 


to  the  start  of  the  fertilizer  season,  due  to 
adverse  weather  conditions,  and  also  as  the 
result  of  the  easing  of  industrial  boom  condi¬ 
tions  which  were  in  evidence  during  January 
and  February.  In  addition  to  the  heavy  demand 
for  sulphur  from  the  major  industrial 
countries,  there  has  been  a  significant  increase 
in  shipments  to  South  America  and  Asia,  in 
particular  to  India.  It  is  estimated  that  overall 
sulphur  demand  in  the  first  quarter  advanced 
about  8%  over  the  corresponding  period  of 
1959. 

This  state  of  the  current  supply  picture 
has  not,  however,  made  a  tangible  impact  on 
the  tone  of  markets  nor  on  the  price  situation 
which,  under  the  imminent  pressure  of  new 
supplies  and  excess  pnxluction  capacity,  re¬ 
mains  unstable  and  weak. 

The  outstanding  feature  of  the  markets, 
where  all  major  brimstone  suppliers  continue 
trying  to  expand  their  outlets,  especially  in 
marketing  territories  with  the  greatest  growth 
potential,  is  the  emphasis  on  consumer  service 
and  quality  of  product.  There  is  a  steady  ex¬ 
pansion  in  the  U.S.A.  of  liquid  sulphur 
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deliveries  by  road,  rail  and  water,  which  is 
currently  estimated  to  represent  about  one- 
sixth  of  total  deliveries.  Facilities  for  otf- 
colour  sulphur  purification  are  being  installed 
and  existing  ones  expanded  to  provide  supplies 
to  customers’  specifications.  The  operation  of 
stockpiles  and  distribution  facilities  in  or  near 
major  centres  of  consumption,  such  as  at 
Tampa,  where  Pan  American  Sulphur  and 
Texas  Gulf  Sulphur  companies  are  prominent, 
or  at  Cincinnati  where  Texas  Gulf  has  a  major 
distribution  point,  have  become  an  integral 
part  of  the  U.S.  sulphur  scene. 

No  Uniform  Trend 

There  is  as  yet  no  uniform  trend  attaching 
to  the  importance  placed  on  high  purity. 
Several  major  brimstone  users  can  show  sub¬ 
stantial  savings  whereas  others  take  advantage 
of  the  prevailing  off-colour  sulphur  price 
discount.  In  Europe  the  advantages  of  high 
purity  appear  to  be  more  highly  valued  and 
this  trend  contributes  to  rapidly  growing  and 
strong  demand  for  Lacq  sulphur.  Here,  how¬ 
ever,  the  price  differential  is  blurred  as  Lacq 
sulphur  is  sold  competitively  in  relation  to 
U.S.  and  Mexican  Frasch  supplies. 

Two  landmarks,  affecting  the  long  term 
supply  picture  were  passed.  On  3rd  April  the 
National  Energy  Board  of  Canada  approved 
the  extension  of  natural  gas  exports  to  U.S.A. 
and  this  has  now  been  ratified  by  the  Federal 
Power  Commission  of  the  U.S.A.,  On  the 
basis  of  known  plans  for  gas  deliveries  and 
treatment  plant  construction  it  is  expected 
that  Canada’s  recovered  brimstone  output  will 
rise  to  Ij  million  tons  by  the  end  of  1962.  Of 
more  immediate  importance  is  the  start  of 
Frasch  sulphur  production  at  Grand  Isle, 
Freeport  Sulphur  Company’s  off-shore  dome, 
which  came  on  stream  on  14th  April.  This  im¬ 
portant  addition  to  Frasch  sulphur  capacity  and 
reserves  accentuates  the  disparity  between 
potential  world  supply  and  demand  which  is 
entering  a  critical  phase,  bearing  in  mind  that 
the  first  half  of  the  final  stage  IV  of  the  sulphur 
recovery  installations  at  Lacq  is  operating  and 


full  capacity  of  1.4  million  t.p.a.  is  due  to  be 
reached  at  the  end  of  this  year. 

It  is  evident  that  the  present  low  and 
precariously  held  price  level  in  the  U.S.A.  and 
major  world  markets  is  wholly  attributable 
to  the  adverse  forward  statistical  picture  and 
the  potential  production  capacity  of  major 
producers  resulting  in  competition  for  a 
favourable  position  in  future  markets,  and  not 
to  poor  markets  or  a  genuine  surplus  in  current 
operations.  There  is  little  doubt  that  but  for 
the  recent  increase  in  demand,  there  would 
have  been  more  widespread  erosion  of 
established  prices  and  a  further  price  decline  in 
the  major  competitive  areas.  While  it  is  likely 
that  all  major  primary  producers  would  still 
remain  profitable  if  prices  went  lower,  most  of 
the  small  producers  would  pass  their  limit  of 
profitability.  The  determination  of  the  world 
sulphur  price  can  be  expected  to  rest  for  many 
years  yet  in  the  hands  of  the  U.S.  and  Mexican 
Frasch  sulphur  producers,  notwithstanding  that 
in  about  three  years’  time  the  ratio  of  Frasch 
to  recovered  sulphur  production  of  5:2  will  have 
changed  to  about  6:5,  if  not  to  parity.  In  view 
of  the  pronounced  trend  by  the  majority  of 
sulphur  consumers  to  think  in  terms  of 
sulphuric  acid  costs  rather  than  sulphurous  raw 
materials,  there  is  now  greater  emphasis  on 
avoidance  of  price  disparities  between  com¬ 
peting  sulphur  suppliers  than  pressure  for  price 
cuts.  Under  these  conditions  fairly  conducted 
price  leadership  could  benefit  the  entire  industry 
by  advancing  the  depressed  prices  modestly  to 
a  level  where  profitability  would  once  more  ^ 
reflect  the  vital  part  played  by  the  sulphur 
producers  in  the  economy,  while  at  the  same 
time  promoting  the  consumers’  interests  in  long 
term  stability  of  prices  and  supplies. 

PRICES 

In  the  United  States  p<^sted  prices  remain 
unchanged  at  $25  per  ton  bright  sulphur 
f.o.b./f.a.s.  Gulf  ports  with  a  discount  of  $1 
per  ton  for  off-colour  grades  and  $1.50  for 
delivery  f.o.r.  mine.  Freight  contributions  of 
$3.50  and  other  discounts  of  $1  or  more  are 
granted  by  U.S.  producers  to  their  customers 
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in  highly  competitive  areas,  to  counter  the 
effect  of  lower  prices  and  cheaper  freight 
costs  of  imports  of  Mexican  Frasch  sulphur. 
Delivered  prices  in  Florida,  the  Atlantic 
Seaboard  and  the  Eastern  and  N.  Central 
States  range  thus  from  S24  to  S26  per  ton 
bright  or  acid-treated  sulphur.  The  formerly 
very  tense  situation  has  eased  slightly  as  the 
result  of  the  improved  demand,  but  the  threat 
of  a  break  in  prices  remains  should  one  or 
other  producer  attempt  to  attract  customers  by 
price  cutting. 

Mexican  Frasch  sulphur  is  listed  at  S23.5() 
per  ton  acid  treated  yellow  sulphur  f.o.b. 
Coatzacoalcos.  Delivered  prices  incorporate 
substantial  discounts  to  meet  competition  in 
all  markets. 

Italian  fused  sulphur  is  listed  at  Lire  18,000 

—  19,000  (£10  5s.— 10  17s.;  $29.50  —  30.50) 
per  tonne  f.o.b.  Sicilian  ports.  In  selected 
markets  Ente  ZoIH  Italiani  subsidise  the  price, 
but  exports  even  to  the  favoured  Mediterranean 
and  Balkan  countries  and  some  others  where 
Italy  has  bilateral  trading  arrangements  are 
declining,  owing  to  fierce  competition. 

Europe  in  recent  months  witnessed  strong 
competition  between  Sulphur  Export  Corpc^ra- 
tion  (selling  on  behalf  of  all  U.S.  frasch  sulphur 
producers),  the  two  Mexican  producers  (Pan 
American  Sulphur  Co.  and  Gulf  Sulphur  Corp.) 
and  Soc.  Nationale  des  Petroles  d’Aquitaine 
but  generally  there  was  no  change  of  earlier 
price  levels.  In  the  mo.st  competitive  markets 

—  the  Low  Countries  —  prices  as  low  as 
$24.50  per  tonne  are  reported,  but  most  sales 
are  in  the  range  of  $26.50 — $28.50, 

Both  United  States  and  Mexican  suppliers 
of  Frasch  sulphur  remain  intent  on  securing 
long  term  contractual  arrangement  in  order  to 
safeguard  as  large  a  part  of  the  European 
markets  as  possible  against  French  recovered 
sulphur  supplies  which  aided  by  a  freight 
advantage,  are  competitive  in  all  European 
markets.  Small  parcels  of  U.S.S.R.  sulphur 
continue  to  be  widely  offered,  slightly  below 
the  lowest  reported  price  in  any  one  market. 


Domestic  prices  of  recovered  sulphur  in 
European  countries  have  generally  remained 
stable.  Based  on  import  prices  they  incorporate 
inland  delivery  charges,  premiums  for  liquid 
supplies,  taxes  etc.  In  Western  Germany  prices 
in  the  Ruhr  and  at  Hamburg  of  indigenous 
recovered  sulphur  at  oil  refineries  and  by 
Ruhrgas  A.G.  from  spent  oxide  range  from 
DM  115 — 128  per  tonne  plus  turnover  tax 
and  handling  and  service  charges.  In  Belgium 
and  Holland  recovered  sulphur  is  sold  at 
B.  Fr.  I4(K)  and  D.  FI.  1(X)— 105  per  tonne 
respectively.  In  Sweden  sulphur  recovered  from 
oil  shales  by  Svenska  Skifferolje  A/B  is  sold 
at  S.Kr.  158  per  tonne,  a  large  proportion  in 
liquid  form;  competing  supplies  of  Orkla  sul¬ 
phur  are  priced  correspondingly. 

Pyrites 

The  price  level  of  European  pyrites  is 
unchanged.  Spanish  and  Portuguese  crude 
pyrites  prices  remain  based  on  60s.  per  tonne 
f.o.b.  basis  48%  S  for  all  values.  The  export 
value  of  Cyprus  iron  pyrites  range  from 
54s-55s  per  tonne.  The  high  level  of  steel 
industry  activity  and  the  prevailing  good  price 
for  copper  gives  steady  supp<irt  for  residue 
values.  Cupreous  residues  are  reported  to  be 
priced  at  80s-85s  per  tonne  with  a  firm 
tendency.  Non-cuprous  residues  of  good 
quality  are  reported  at  75s.  f.o.  barge, 
Rotterdam. 

SUPPLY 

In  the  United  States  Frasch  sulphur  pro¬ 
duction  was  maintained  at  the  relatively  high 
level  prevailing  at  the  turn  of  the  year  of 
390,(XX)-4()0,(XX)  tons  monthly.  Stockpiles  were 
being  reduced  by  all  producers,  notably  at 
Port  Sulphur,  where  the  Freeport  Sulphur 
Company  prepared  for  the  anticipated  new 
supplies  from  Grand  Isle.  At  Texas  Gulf  Sul¬ 
phur  Company’s  new  terminal  facilities  on  the 
Neches  River  at  Beaumont,  through  which  by 
the  end  of  this  year  virtually  all  shipments  will 
be  directed,  when  the  company  will  cease  using 
the  Galveston  docks,  the  volume  of  liquid  and 
solid  sulphur  deliveries  is  increasing.  A  new 
Frasch  sulphur  producer,  the  United  States 
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Sulphur  Company,  announced  the  start  of 
sulphur  operations  at  High  Island  Dome  early 
in  April.  A  production  rate  of  500  tons  daily 
was  reported;  the  entire  output  is  to  be  con¬ 
verted  to  sulphuric  acid  in  a  plant  situated 
at  the  mine. 

Recovered  sulphur  production  increased 
slightly  and  imports  of  Mexican  sulphur 
advanced  substantially,  the  latter  to  a  monthly 
rate  of  over  60,000  tons.  The  high  level  of 
domestic  demand  and  the  exceptionally  high 
export  deliveries  caused  a  further  reduction 
of  stocks  of  about  i  million  since  the  beginning 
of  the  year. 

In  Mexico  Frasch  Sulphur  production  in 
the  first  quarter  reached  a  new  peak  of  317,000 
tons.  Strong  overseas  and  domestic  demand 
caused  Pan  American  Sulphur  to  raise  the  level 
of  output  at  Jallipan  to  850,(XX)  t.p.a.  The 
quality  of  crude  output  has  further  improved 
and  to  realise  the  managements  aim  of  pro¬ 
ducing  bright  sulphur  only,  the  acid  treatment 
and  filtering  plant  is  being  enlarged  and  a 
sulphuric  acid  plant  built  alongside.  Gulf 
Sulphur  Corporation  has  also  raised  the  level 
of  output  and  production  in  the  first  quarter 
totalled  about  58,000  tons,  an  increasing  pro¬ 
portion  of  which  is  acid  treated  in  the  new 
plant  at  the  dockside  in  Coatzacoalcos. 

Fused  sulphur  output  in  Italy  and  Sicily 
has  been  further  reduced  to  a  monthly  level 
of  under  8,000  tons.  At  the  same  time  pro¬ 
duction  of  output  concentrates  of  90-94%  S, 
increasingly  used  for  CSj  manufacture,  has 
risen  and  more  crude  ore  is  being  used  in  acid 
manufacture. 

In  Egypt  the  operations  at  Ras  Gemsa 
sulphur  mine  on  the  Sinai  peninsula  are 
accelerating  now  that  the  flotation  and  con¬ 
centration  plant  built  by  Knapp  and  Bates  Ltd. 
of  London  for  Semadco  has  been  completed. 
The  80%  S  concentrate  is  refined  in  a  fusion 
plant  of  local  design  and  a  substantial  increase 
of  output  is  expected  this  year. 

Pakistan  will  similarly  initiate  domestic 
sulphur  refining  operations  at  a  rate  of  30  t.p  d. 
when  an  ore  flotation  and  pressure/hot  water 


fusion  plant  built  by  Knapp  and  Bates  of 
London  and  Burnett  and  Rolfe  of  Rochester 
for  Nasir  Trading  House  of  Karachi,  is  brought 
on  stream  in  the  Autumn. 

Recovered  Sulphur 

In  the  United  States  production  in  the 
first  quarter  rose  to  an  annual  rate  of  around 
on  700,000  tons  reflecting  the  rising  consump¬ 
tion  of  gas  and  greater  sulphur  removal  at 
oil  refineries. 

In  Canada  the  rate  of  recovered  sulphur 
output  has  risen,  it  is  estimated,  to  an  annual 
rate  of  450,000  tons.  The  plant  of  Texas  Gulf 
at  Okotoks  is  reported  to  be  operating  near 
its  designed  capacity  of  130,000  t.p.a.  and  other 
recovery  plants  also,  notably  Jefferson  Lake 
Petrochemicals,  Shell  and  British  American  Oil 
Company  also  produced  more.  The  decision  by 
the  National  Energy  Board  authorising  gas 
exports  has  activated  the  companies  concerned 
in  the  two  pipeline  projects  to  the  U.S.A.  and 
Jefferson  Lake  Sulphur  Company  in  particular 
is  engaged  in  final  negotiations  for  the  pro¬ 
vision  of  finance  at  its  Calgary  and  Savannah 
Creek  gas  cleaning  and  sulphur  recovery  plants. 
Although  sales,  to  consumers  in  Alberta, 
British  Columbia  and  North  West  U.S.A.  have 
risen  the  bulk  of  the  output  goes  to  stockpiles 
which  are  estimated  to  total  about  350,000  i 
tons.  A  recent  freight  enquiry  for  Vancouver 
to  India  points  to  the  imminence  of  Canada 
entering  overseas  sulphur  markets. 

At  Lacq,  Societe  Nationale  des  Pctroles 
d’Aquitaine  successfully  brought  on  stream  in 
April  the  first  half  of  the  fourth  and  last  stage 
of  the  gas  cleaning  and  sulphur  recovery  plant. 

This  raises  installed  capacity  to  15  million 
cubic  metres  gas  and  3,000  tonnes  sulphur  a 
day.  Current  production  is  reported  to  be  at 
an  annual  rate  of  800,000  tonnes.  Strong 
demand  is  reported  to  be  filling  the  company’s 
order  book  to  the  limit  of  anticipated  supplies 
of  about  700,000  tonnes  to  become  available 
in  1960. 

Pyrites 

The  heavy  demand  for  sulphuric  acid  in 
W.  Europe  was  only  in  part  reflected  by  pyrites 
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shipments.  Spanish  pyrites  maintained  the 
improvement  seen  towards  the  end  of  1959  and 
demand  in  the  home  market  is  rising  rapidly. 
This  also  applies  to  Portugal  where,  however, 
the  Minas  de  San  Domingoes  of  Mason  and 
Barry  Ltd.,  now  no  longer  exporting,  are 
nearing  exhaustion. 

In  Scandinavia  pyrites  deliveries  advanced 
in  response  to  demand  from  the  active  pulp 
industry  and  fertiliser  manufacturers;  the  level 
of  exports  appears  also  to  be  slightly  improved. 

Shipments  from  Cyprus,  now  the  largest 
pyrites  exporter  in  the  world,  share  in  the 
improved  markets. 

European  pyrites  industry  sulTercd  a  set¬ 
back  when  a  number  of  established  pyrites 
consumers  recently  decided  to  convert  their 
activities  to  brimstone  E.N.C.K.  one  of  the 
largest  fertiliser  pnxlucers  in  Holland,  decided 
to  replace  its  remaining  pyrites  plant  —  one 
half  of  the  works  is  already  based  on  brimstone 
—  by  a  2(K)  t.p.d.  brimstone  acid  contact  plant. 
W.  and  H.  M.  Goulding,  Eire,  also  announced 
the  installation  of  a  2(X)  tons  per  day  brim¬ 
stone  acid  plant  which  it  is  reported,  will 
consume  U.S.  Frasch  sulphur  to  be  supplied 
under  a  long-term  agreement.  The  plant  is 
expected  to  replace  several  old  pyrites  installa¬ 
tions  in  Dublin.  In  Western  Germany  where 
brimstone  consumption  for  acid  manufacture 
in  1959  rose  to  4(),()0()  tonnes,  this  is  expected 
to  double  this  year  and  account  for  about  8% 
of  total  output. 

The  decisions  to  convert  to  brimstone  are 
unlikely  to  be  based  purely  on  costs  as  sulphur 
in  pyrites  is  at  present  competitive,  especially 
if  consumed  in  furnaces  with  heat  recovery 
undoubtedly  have  played  a  part. 

These  developments  further  narrow  export 
outlets  for  European  pyrites  producers,  for 
whom  their  domestic  markets  assume  increasing 
importance. 

Freights 

The  general  tone  of  freight  markets  has 
continued  steady  and  significantly  a  sizeable 
volume  of  laid-up  shipping  —  estimated  at 
about  3  million  tons — has  returned  to  com¬ 
mission  this  year.  The  effect  on  sulphur  and 


pyrites  chartering  has  not  been  uniform. 
Whereas  the  longer  voyages  from  the  Gulf  to 
Australia  and  India  commanded  firm  and 
advancing  rates,  the  transatlantic  and  Mediter¬ 
ranean  rates  tended  to  weaken.  The  rate 
from  the  Gulf  of  Mexico  to  the  United  King¬ 
dom  remained  at  52s  6d.  for  liners  and  tramps, 
whereas  that  to  the  Continent  receded  to  S4.25- 
4.50.  A  large  proportion  of  the  latter  shipments 
are  in  vessels  of  14,(XX)  tons  or  more.  Earlier 
this  year  Freeport  Sulphur  Company  loaded 
for  Sulexco  a  22,6(X)  tons  vessel,  the  largest  yet 
employed  in  the  sulphur  trade. 

Rates  from  Bayonne  for  Lacq  sulphur 
continue  to  be  based  on  25s  f.i.o.  for  United 
Kingdom  and  21s  f.i.o.  for  North  West  Euro¬ 
pean  ports.  Allowing  for  usual  small  size  vessels 

—  for  the  U.K.  mostly  coasters  of  about  1000 
tons  and  vessels  up  to  5(XX)  tons  for  other 
destinations  —  these  rates  represent  a  freight 
advantage  of  about  S2  below  rates  from  the 
Gulf.  Pyrites  rates  from  Huelva  to  N.W. 
Europe  receded  to  24s  (2s  6d  load  and  2s  6d/ 
2s  discharge);  similarly  from  Cyprus  to  N.W. 
Europe  rates  are  now  28s. 

Enquiries  for  a  vessel  from  the  United 
States  Gulf  to  India  at  $9.25  remain  unful¬ 
filled  and  the  current  rate  is  believed  to  be 
nearer  $11.  The  evident  firmness  in  rates  to 
the  Far  East  —  seen  also  in  Phosphate  rates 
from  MorrcKco  to  China  and  Florida  to  Japan 

—  is  reflected  by  a  recent  fixture  from  the  Gulf 
to  W.  Australia  of  $12.77  (c  50  loading  and 
current  rate  discharge). 

During  the  coming  weeks  a  weaker  ten¬ 
dency  in  freight  markets  is  expected. 

The  Sulphur  Institute 

With  the  establishment  and  staffing  of  the 
main  office  in  Washington,  the  President,  Mr. 
Russel  Coleman  is  initiating  positive  action  in 
pursuit  of  the  Sulphur  Institute’s  aim  to 
advance  the  uses  of  sulphur,  from  a  technical 
view  point.  In  view  of  the  vast  scope  of  the 
task,  the  Institute  plans  to  make  the  greatest 
possible  use  of  existing  research  and  intelligence 
organisations.  At  the  Board’s  meeting  in  Paris 
at  the  beginning  of  May,  it  was  decided  to 
locate  the  European  office  in  London. 
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BERK’S  DEVELOPMENT  OF  MOLTEN 
SULPHUR  TRANSPORT  IN  U.K. 


IN  the  course  of  the  last  four  years  F.  W. 

Berk  and  Co.,  Ltd.,  one  of  the  leading 
chemical  manufacturers  in  the  United  King¬ 
dom  have  built  up  a  comprehensive  transport 
and  distribution  system  for  sulphur  in  molten 
form. 

Despite  the  significant  post-war  growth  of 
the  Company’s  business  and  its  diversification 
of  manufacturing  and  merchanting  interests 
which  range  from  the  old  established  manu¬ 
facture  and  distribution  of  sulphuric  acid  and 
other  heavy  chemicals  to  fine  chemicals, 
mercurials,  pharmaceuticals,  timber  preserva¬ 
tives,  licencing  of  processes,  etc.,  its  interest  in 
sulphur  continues  to  play  an  important  part. 
As  one  of  the  U.K.  representatives  of  the 
Sulphur  Export  Corporation  for  the  sale  of 
non-acid  sulphur — a  section  of  the  sulphur 
market  in  which  demand  has  in  recent  years 
fluctuated  between  9(),(KK)  and  I15,()(K)  tons 
annually,  of  which  at  least  75  is  imported 
material — F.  W.  Berk  and  Co.,  have  until  last 
year  accounted  for  approximately  one-half  and, 
with  the  advent  of  French  sulphur  supplies 
in  the  United  Kingdom,  are  likely  to  retain 
about  one-third  of  this  market.  Some  three 
years  ago  at  the  company's  plant  at  Stratford 


A  Herk  tanker  carr\iiiK  molten  sulphur 


an  up-to-date  compact  unit  for  rolled  sulphur 
production  revived  the  company’s  interest  in 
the  field  of  manufacture  of  various  grades  of 
refined  sulphur  which  earlier  had  been 
prominent.  Emphasis  on  finely  divided  dust¬ 
ing  sulphurs  enhances  the  scope  of  the  com¬ 
pany’s  Microniser  Division  which  exploits  a 
patent  plant  and  process  develop)ed  in  the  late 
1930’s  by  the  Freeport  Sulphur  Company. 
Finally,  apart  from  its  use  of  small  quantities 
of  sulphur  in  the  formulation  and  manufacture 
of  fine  chemical  products,  F.  W.  Berk  and  Co., 
use  upward  of  10,000  tons  brimstone  in 
sulphuric  acid  manufacture  which  is  based  on 
two  Leonard/Monsanto  contact  acid  instal¬ 
lations.  Progressive  modernisations  of  the 
sulphuric  acid  installation,  in  which  up  to 
World  War  II  a  part  of  the  sulphur  needs  were 
met  by  spent  oxide,  resulted  in  1955  in  the 
reconstruction  of  the  covered  storage  for  2,5(X) 
tons  of  crude  solid  sulphur,  and  the  construc¬ 
tion  of  a  new  steam-heated  melting  pit  and 
underground  liquid  storage. 

About  this  time  the  company  started  to 
purchase  some  of  its  sulphur  requirements 
in  solid  form  from  Esso  Petroleum  Company’s 
refinery  at  Fawley.  As  the  sulphur  is  first 
recovered  in  liquid  form  the  then  current 
practice  of  solidification,  breaking-up,  trans¬ 
portation  and  subsequent  remelting  seemed 
cumbersome  and  expensive.  Co-operating  with 
a  prominent  specialist  in  bulk  transport  a  14- 
ton  vehicle  was  developed  to  carry  the  sulphur, 
in  hot  molten  form,  from  the  refinery  to  the 
company’s  acid  plants  at  Stratford  ;  a  road 
journey  of  100  miles  being  involved.  This 
operation  proved  successful  and,  as  supplies 
available  from  oil  refinery  recovery  operations 
increased,  a  special  tanker  fleet  was  developed. 
In  addition  to  augmenting  consumption  at 
Stratford,  the  company  sought  customers  who 
would  benefit  by  receiving  their  sulphur  in 
molten  form.  Whereas  the  original  outlet  of 
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indigenous  recovered  sulphur  in  solid  form  h.id 
been  almost  exclusively  the  “  regular  ”  sulphur 
user,  notably  carbon  disulphide  and  rubber 
manufacturers,  the  principal  outlet  for  the  sale 
of  molten  sulphur  became  the  sulphuric  acid 
sector. 

Because  sulphur  production  at  refineries 
fluctuates  considerably,  due  to  variations  in 
crude  oil  stock  and  customer  demand  for  end 
products,  the  various  refineries  were  glad  to 
have  a  distributor  with  the  ability  to  balance 
any  irregularity  of  supply  from  other  sources 
and  so  maintain  continuous  service  to  users. 

Nowadays  F.  W.  Berk  and  Co.,  distri¬ 
bute  for  all  the  oil  companies  in  the  U.K., 
producing  sulphur.  Already  the  company’s 

Current 

POLAND 

Progress  at  Opencast  Sulphur  Mine 

At  Piasceszno  the  sulphur  ore  lies 
relatively  near  the  surface  and  in  consequence 
this  deposit  is  the  first  to  be  exploited.  Work 
on  the  opencast  mine  is  said  to  be  going  ahead 
rapidly.  The  1960  target  for  sulphur  ore  to 
be  extracted  from  it  is  170,000  tonnes  and  that 
for  1961  is  800,000  tonnes.  The  average 
sulphur  content  of  the  ore  is  however  only 
about  29%.  Work  is  now  in  progress  on  an 
ore-processing  plant  at  Piasceszno  from  which 
the  first  pure  sulphur  will  probably  be  pro¬ 
duced  in  1961. 

The  principal  difficulty  with  the  Polish 
sulphur  deposits  is  that  the  beds  are  saturated 
with  water  having  a  high  concentration  of 
hydrogen  sulphide,  amounting  to  as  much  as 
300  milligrammes  per  litre,  and  a  considerable 
salt  content,  amounting  to  as  much  as  14 
grammes  per  litre,  including  sodium  chloride 
up  to  11.5  grammes  per  litre.  Two  years’ 
experience  at  Piasceszno  has  yielded  useful 
knowledge  of  drainage  and  water  purification 
methods.  Water  from  the  purification  plant 
is  now  almost  free  from  hydrogen  sulphide 
and  may  safely  be  discharged  into  the  Vistula. 

The  contaminated  water  is  pumped  to  the 


sulphur  carrier  fleet  consists  of  eight  tankers, 
the  latest  incorporating  improvements  and 
modification  in  design  of  insulation  and  heat¬ 
ing  facilities,  and  journeys  of  over  200  miles 
are  regularly  made  in  all  weathers  including 
severe  snow  and  ice.  It  is  estimated  that  in 
1959  total  sulphur  output,  i.e.  that  captively 
used  at  refineries  or  subsidiary  chemical  com¬ 
panies  and  that  sold  through  the  intermediary 
of  F.  W.  Berk  and  Co.,  amounted  to  about 
55,(KX)  tons.  Continued  refinery  expansion 
coupled  with  the  demand  for  purer  fuels  is  in¬ 
creasing  the  rate  of  recovered  sulphur  output, 
and  it  may  be  expected  that  the  volume  of 
sulphur  carried  in  molten  form  will  corres¬ 
pondingly  expand. 

Events 

top  of  a  packed  tower  in  which  the  hydrogen 
sulphide  is  removed  by  air  flowing  in  the 
opposite  direction.  From  here  the  purified 
water  flows  into  the  river  and  the  mixture  of 
air  and  hydrogen  sulphide  is  introduced  to  a 
second  tower  in  which  it  meets  an  alkaline 
solution  of  ferric  hydroxide  flowing  counter- 
currently.  In  the  first  phase  of  the  reaction 
hydrogen  sulphide  is  absorbed  by  soda.  The 
resulting  acidic  sodium  hydrosulphide  im¬ 
mediately  reacts  with  ferric  hydroxide  to  give 
ferric  sulphide,  which  is  then  oxidised  by 
atmospheric  oxygen  to  produce  ferric  hydroxide 
and  sulphur  in  a  regenerative  process.  The 
sulphur  is  separated  from  the  absorption  mass 
by  flotation.  It  is  collected  in  the  form  of  foam 
and  is  then  colloidally  dispersed  and  may  be 
used  for  making  colloidal  hydrophilic  sulphur 
both  for  agriculture  and  for  the  rubber 
industry. 

AUSTRALIA 

Gypsum  and  Clay  Soils 

An  interesting  new  method  for  establishing 
irrigated  pastures  by  the  addition  of  gypsum 
to  the  irrigation  water  has  recently  been 
demonstrated  in  New  South  Wales  by  the 
Commonwealth  Scientific  and  Industrial  Re¬ 
search  Organisation.  It  has  been  found  that 


as  little  as  one  half  p<.)und  of  common  gypsum 
per  100  gallons  prevents  soil  breakdown  and 
the  formation  of  hard  surface  crusts.  Both 
water  absorption  and  aeration  of  the  soil  are 
improved.  The  C.S.I.R.O.  has  developed  a 
machine  which  dissolves  the  gypsum  at  the 
required  rate.  It  is  thought  that  the  discovery 
is  the  first  step  towards  the  more  effective  use 
of  heavy  clay  soils. 

The  use  of  gypsum  might,  however,  alfcct 
the  consumption  of  single  superphosphate,  the 
overwhelmingly  predominant  phosphatic 
fertilizer  in  Australia.  One  of  the  advantages 
of  single  superphosphate  is  that  it  augments 
the  soil’s  sulphur  content.  As  this  could  be 
achieved  by  gypsum  alone  it  is  clear  that  the 
use  of  single  superphosphate  on  lands  irrigated 
in  this  way  might  make  the  soil  excessively 
acidic.  Thus  there  is  a  possibility  that  the 
growth  in  the  demand  for  single  super¬ 
phosphate  and  hence  the  growth  in  the  demand 
for  sulphur  might  be  adversely  affected. 

Although  triple  superphosphate  in  theory 
contains  no  sulphur,  it  is  more  apt  than  single 
superphosphate  to  produce  excessive  soil 
acidity.  Hence  the  use  of  gypsum  might  make 
its  application  undesirable  also.  In  this  event 
the  use  of  ground  phosphate  rock  might  be¬ 
come  established,  and  high  analysis  complex 
fertilizers  might  be  applied  where  the  intensity 
of  cultivation  warranted. 

INDIA 

Durgapur  H.SO4  plant  on  stream 

On  stream  is  the  60  tons-a-day  sulphuric 
acid  plant  forming  part  of  the  plant  at  the 
Durgapur  steel  project.  Rated  capacity  of  the 
plant  was  achieved  within  a  few  days  of 
commissioning.  The  plant  was  designed, 
engineered,  and  constructed  by  Simon-Carves 
Ltd.,  one  of  the  member  companies  of  the 
I.S.C.O.N.  consortium  at  Durgapur. 

Raw  material  for  acid  production  is  rock 
sulphur  of  high  purity,  which  is  burned  to 
produce  sulphur  dioxide.  This  in  turn  is  con¬ 
verted  into  sulphur  trioxide  in  the  presence  of 
a  catalyst,  and  is  absorbed  in  sulphuric  acid. 


This  acid  is  then  diluted  with  water  to  produce 
acid  of  98.5%  strength. 

Surplus  heat  from  the  burning  of  sulphur 
and  the  catalytic  conversion  of  sulphur  dioxide 
to  sulphur  trioxide  is  utilised  to  produce 
approximately  5,000  lb.  of  steam  an  hour. 
Part  of  this  steam  is  used  in  the  plant  for 
sulphur-melting  and  other  purpo.ses,  the  rest 
being  passed  into  the  steelworks’  steam  mains. 
The  sulphuric  acid  produced  will  be  used 
primarily  for  the  production  of  sulphate  of 
ammonia. 

U.S.A. 

Gas  Removal  Plant  for  Transwestern 

First  U.S.  installation  to  use  the 
Giammarco-Vctrocoke  process  for  acid  gas  re¬ 
moval  is  that  of  Transwestern  Pipeline  Co. 
Now  ready  for  operation  near  Fort  Stockton, 
Texas,  the  plant  was  designed  and  constructed 
under  licence  by  Brown  and  Root  Inc.  It  will 
treat  180  million  cubic  feet  daily  of 
1,050  p.s.i.g.  natural  gas  containing  28% 
hydrogen  sulphide. 

The  unit  will  produce  an  anhydrous  pipe¬ 
line  sales  gas  essentially  free  of  HjS  and  with 
less  than  28%  of  carbon  dioxide.  It  will  use 
less  than  4  million  cubic  feet  of  sour  gas  daily 
to  develop  installed  generating  capacity  of  only 
1,800  kW.  and  120,0(X)  Ib./hr.  of  steam  at 
600  p.s.i.g.  and  750°F. 

Start  of  the  plant  will  be  timed  to  coincide 
with  the  completion  of  Transwestern’s  pipeline 
from  Texas  to  California. 

Susquehanna  Doubles  Acid  Capacity 

Susquehanna  -  Western’s  new  sulphuric 
acid  unit  at  Riverton,  Wyoming,  doubles  the 
company’s  and  Wyoming’s  HjS04  capacity 
to  75,000  tons  a  year.  The  new  unit,  now  in  ^ 
full  production,  was  constructed  by  Susque¬ 
hanna  Engineering  in  four  months  and  is  fully 
automated.  Sulphur  is  obtained  from  local  j 
Wyoming  suppliers  who  recover  it  from  sour 
gas.  Acid  is  produced  by  burning  pure  sulphur, 
then  converting  the  resulting  gases.  Ore  (mainly  | 
uranium)  processing  mills  in  the  Wyoming  area 
are  expected  to  consume  a  substantial  amount 
of  the  new  unit’s  output.  ( 
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Company  News 

Major  Sulphur  Producers  Reports 
on  1959  and  the  Future 


.“Competition  in  the  sulphur  industry  re¬ 
mains  keen,  and  production  from  new 
facilities  —  existing  or  in  prospect  —  in 
Mexico,  France  and  Canada,  probably  will 
prolong  the  current  period  of  excess 
sulphur  supply.  There  are  many  reasons, 
however,  for  optimism  for  the  future  of  this 
low-cost  commodity.” 

Charles  A.  Wight 
President 

Freeport  Sulphur  Co. 

“It  is  expected  that  sales  during  1960  will 
compare  favourably  with  movements 
during  1959.  Economic  conditions  should 
continue  to  improve,  with  consequent 
acceleration  in  consumer  demands.  If 
added  world-wide  requirements,  for 
sulphur,  continue  in  percentages  com¬ 


mensurate  with  increased  consumption 
during  1959,  then  the  industry  is  assured 
of  another  record-breaking  year.” 

Harry  C.  Webb 
President 

Pan  American  Sulphur  Co. 

“Profitable  operations  are  dependent  upon 
increased  production  and  sales  volume, 
reduced  royalty  and  tax  payments,  and 
most  important  of  all,  upon  restitution 
of  sulphur  prices  to  an  economic  level.” 
Regarding  world  sulphur  sales.  “There 
are  prognostications  indicating  a  5% 
increase  for  I960”. 

William  Bellano 
President 

Gulf  Sulphur  Corporation 


Freeport’s  Sulphur  Tonnage  Sales  Exceeded 
those  of  1958:  but  production  was  down 


Domestic  consumption  of  sulphur  in 
the  U.S.  increased  to  an  all-time  record 
level,  reversing  the  recessionary  trend  in  1958 
and  exports  by  the  U.S.  sulphur  industry 
reached  almost  to  the  record  level  of  1 956.  These 
trends  are  noted  particularly  in  regard  to  one 
of  the  major  U.S.  sulphur  producers — Freeport 
Sulphur  Co. 

Tonnage  sales  of  Freeport  sulphur  ex¬ 
ceeded  those  of  1958,  totalling  more  than  2.1 
million  tons.  Dollar  sales  of  suphur,  however, 
did  not  increase  proportionately  as  intense 
competition  in  some  markets  necessitated 
lower  sulphur  prices.  In  domestic  markets  the 
price  became  firmer  during  the  latter  half  of 
1959.  and  the  market  situation  is  reported  to 
be  more  stable. 


Freeport’s  production  was  somewhat  less 
than  2  million  tons,  and  compares  with  that 
of  the  previous  year.  There  was,  however,  a 
considerable  reduction  in  stockpiles  of  mined 
sulphur.  Grande  Ecaille  and  Garden  Island 
Bay  mines  were  the  main  source  of  the 
company’s  sulphur  and  except  for  a  small 
amount  of  sulphur  recovered  from  petroleum 
refinery  gas,  remaining  production  was  obtained 
from  the  two  smaller  Louisiana  mines  — 
Chacahoula  and  Bay  Ste.  Elaine.  The  latter 
was  shut  down  in  December  last,  its  reserves 
exhausted  after  seven  years  of  operation. 

At  Freepiut’s  Grand  Isle  mine  in  the 
Gulf  of  Mexico,  sulphur  production  began 
this  April.  This  is  the  first  offshore  sulphur 
installation  in  the  history  of  the  industry.  It 
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increases  underground  reserves  to  the  highest 
point  in  the  company’s  history  and  will  give 
it  the  greatest  productive  capacity  it  has  ever 
had. 

It  is  planned  to  postpone  production  at  the 
company’s  other  new  Louisiana  property. 

Lake  Pelto.  The  barge-mounted  mining  plant 
formerly  employed  at  Bay  Ste.  Elaine  has  been 
moved  to  this  site,  and  placed  on  a  stand-by 
basis. 

Present  sulphur  position 

Competition  in  the  sulphur  industry  re¬ 
mains  keen,  rept^rts  the  Chairman,  Mr. 
Langbourne  M.  Williams,  and  production  from 
new  facilities  —  existing  or  in  prospect  —  in 
Mexico,  France  and  Canada,  probably  will 
prolong  the  current  period  of  excess  sulphur 
supply.  He  is  optimistic,  however,  about  the 
future  of  sulphur.  New  and  wider  uses  for 
sulphur  and  its  chief  derivative,  sulphuric 
acid,  are  constantly  being  developed,  he  notes. 

In  the  past  decade,  for  instance,  there  has  been 
a  sharp  rise  in  sulphuric  acid  requirements  for 
key  intermediates  used  in  the  manufacture  of 
aerosol  sprays,  synthetic  detergents,  air- 
conditioner  coolants  and  petroleum  catalysts, 
and  for  the  processing  of  metallic  ores,  an 
application  which  Mr.  Williams  suggests  will 
expand  considerably  in  the  future. 

Record  Year  for  Pan 

TOURING  1959,  new  records  were  achieved 
by  Pan  American  Sulphur  Co.  and  their 
Mexican  subsidiary  Azufrera  Panamericana, 

S.  A.  de  C.  V.,  in  total  production,  total  net 
sales  and  total  tonnage  shipped  of  sulphur, 
despite  continued  intense  competition,  further 
softening  of  prices,  and  world-wide  over-supply 
of  product.  The  year  ended  with  a  high  degree 
of  optimism  for  the  future,  due  to  unusual 
increases  in  demand,  both  from  the  viewpoint 
of  U.S.  consumption  as  well  as  general  in¬ 
creased  demand  throughout  the  world.  The 
steel  strike,  notes  Mr.  Harry  C.  Webb, 
president  of  the  company,  caused  expected 


Of  the  older  uses  of  sulphur  and  sulphuric 
acid,  the  most  imp<^rtant  is  the  production  of 
fertiliser,  a  market  which  “must  inevitably 
grow  as  crop  production  is  increased  to  feed  a 
rapidly  multiplying  world  population’’. 

Finances 

Net  earnings  for  Freeport  Sulphur  for  1959 
were  the  highest  in  the  company’s  history.  After 
all  charges  including  depreciation,  amortisa¬ 
tion  and  provision  for  taxes,  earnings  amounted 
to  $14,477,796  compared  with  $13,084,067  in 
1958.  Gross  sales,  however,  a  $53,233,634 
were  down  on  last  year’s  total  of  $55,341,986. 

During  1959,  the  outstanding  shares  of 
common  stock  were  split  three-for-one,  and, 
on  this  new  basis,  1959  earnings  amounted  to 
$1.93  a  share  compared  with  1958  earnings  of 
$1.74  a  share.  The  increase  in  earnings  was 
due  principally  to  higher  interest  income  and 
to  a  greatly  reduced  provision  for  taxes  re¬ 
sulting  from  filing  a  consolidated  Federal  in¬ 
come  tax  return  for  the  company  and  wholly- 
owned  domestic  subsidiaries. 

Dividend  payments  on  the  new  basis 
totalled  $1.20  a  share  in  1959,  compared  with 
$1.00  a  share  in  1958.  A  dividend  of  30  cents 
was  paid  in  March  1960. 

American  Sulphur 

uncertainty  on  the  part  of  customers  and  pro¬ 
ducers  alike,  but  over-all  sales  results  were 
satisfactory. 

Production  and  sales 

Production  during  the  year  totalled  887,000 
long  tons  and  retained  inventory  on  1 
January,  1960,  amounted  to  580,000  tons. 
Total  tonnage  shipped  resulted  in  net  sales 
amounting  to  $17,869,140,  compared  with  net 
sales  of  $17,318,113  during  the  year  1958,  and 
constitute  a  record.  Movements  by  the 
company’s  Mexican  subsidiary  during  January 
1960,  amounted  to  104,000  gross  tons,  the 
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greatest  monthly  shipments  during  the 
company’s  history. 

Industry  inventories  remain  at  a  safe,  but 
conservative  figure.  Pan  American  Sulphur’s 
total  stockpile  of  58(),(KK)  tons  will  be  in¬ 
creased  slightly  during  1960  and  it  is 
anticipated  that  approximately  9(X),(KK)  tons 
will  be  produced. 

High-Purity  Sulphur 

Quality  of  PASCO’S  product  will  be 
improved.  Current  research  and  development 
programmes  include  the  immediate  construc¬ 
tion  of  a  sulphuric  acid  plant  at  Jaltipan  with 
sufficient  capacity  of  acid  output  necessary  to 
ensure  one  hundred  per  cent  bright  production 
of  99.9  purity.  To  sustain  their  programme  of 
product  quality  and  service  improvement,  the 
company  has  increased  exploration  and  de¬ 
velopment  costs  from  $28,859  in  1958  to 
$94,906  in  1959,  and  will  continue  this  develop¬ 
ment  effort  during  1960  and  future  years  to 
ensure  customers  a  better  product  and  quicker 
delivery. 

Construction  activities 

A  major  highlight  of  1959  operations  was 
the  completion  of  PASCO’S  Tampa,  Florida, 
liquid  sulphur  terminal,  the  first  installation 
of  this  kind  in  the  area.  The  companion  dry 
bulk  installation,  with  assured  inventory  of 
more  than  40,(XX)  tons  was  complete  during 
last  March  and  is  new  in  service.  This  facility 
will  assure  customers  of  liquid  or  dry  bulk 
products  at  all  times,  to  be  delivered  in  tank 
truck,  railroad  tank  cars,  dry  bulk  truck 
carriers  or  railroad  gondola  cars.  Total  invest¬ 
ment  is  estimated  at  $700,000. 

Finances 

As  a  result  of  continued  profitable 
operations,  the  working  capital  of  the  company 
increased  to  over  $10  million  at  31st  December, 
1959,  after  providing  for  installments  on  the 
Export — Import  Bank  notes  maturing  in  1960. 
Net  cash  flow  during  the  year  of  $4,293,048 
(consisting  of  net  income  of  $3,462,400  pro¬ 


vision  for  depreciation,  depletion  and  amortiza¬ 
tion  of  $640,122  provision  for  income  taxes 
payable  in  future  years  of  $150,(XX)  and  sales 
of  capital  stock  pursuant  to  option  agreements 
of  $40,526)  was  utilised 

i)  to  reduce  the  debt  to  the  Export-Import 
Bank  by  $760,667,  (same). 

ii)  to  redeem  $90,5(X)  ($323,2(X))  principal 
amount  of  debentures. 

iii)  to  pay  cash  dividends  of  $I.(X)  (80  cents) 
per  share  or  a  total  of  $2,260,792 
($1,687,034). 

iv)  to  provide  for  capital  expenditures  totalling 
$571,082,  including  construction  of  the 
company’s  sulphur  terminal  at  Tampa, 
Florida,  as  well  as  minor  replacements  and 
improvements  of  equipment. 

v)  to  increase  working  capital  and  prepaid 
expenses  by  $6I0,(X)7  ($1,774,975). 

Working  capital  has  been  increased  by  an 

additional  $323,2(X)  through  elimination  of 
current  sinking  fund  requirements  on  debentures 


Pan  American's  sulphur  production  and  shipments 
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as  a  result  of  the  conversion  of  approximately 
$3.3  million  of  the  debentures  into  capital 
stock  during  the  year.  After  the  regular  semi¬ 
annual  principal  payment  made  on  the  Export 
— Import  Bank  notes  in  February,  1960,  the 
long-term  indebtedness  of  the  company  (in¬ 
cluding  current  installments)  has  been  reduced 
to  $1,994,467,  ($6,140,033)  consisting  of  the 
balance  of  the  Export — Import  Bank  notes 
of  $760,667,  ($1,521,333)  and  outstanding  de¬ 
bentures  of  $1,233,800,  ($4,618,700).  Total 
investment  in  capital  assets  has  increased  to 
$13,076,552.  No  further  principal  payments  on 
the  debentures  will  be  required  until  1967, 
since  the  amount  of  debentures  which  have 
been  converted  into  capital  stock  is  sufficient 
to  satisfy  all  sinking  fund  requirements. 

Share  earnings  for  1959  amounted  to 
$1.50,  based  on  2,307,311  shares,  an  increase 


Berk’s  45%  Interest 

One  of  Britain’s  oldest  inorganic  acid 
manufacturers,  and  the  first  to  make  sulphuric 
acid  by  the  contact  process  —  Spencer 
Chapman  and  Messel  Limited  —  was  recently 
acquired  by  Borax  (Holdings)  Limited,  so 
giving  control  of  the  company  which  has 
supplied  Borax’s  operating  subsidiary.  Borax 
Consolidated  Ltd.  for  more  than  60  years.  The 
bid  also  gives  them  control  of  Spencer 
Chapman’s  84%  holding  in  Theodore  St.  Just 
and  Co.  Ltd.  who  make  organic  chemicals  in 
the  Manchester  area. 

Also  a  bidder  for  Spencer  Chapman 
capital  was  F.  W.  Berk  and  Co.  Ltd.  who  later 
approached  Borax.  Because  of  their  mutual 
interests  in  the  heavy  acid  Held  and  in  organic 
chemicals,  it  was  considered  that  it  would  be 
advantageous  to  both  companies  to  have  an 
interest  in  Spencer  Chapman.  Borax,  therefore, 
agreed  as  a  result  of  a  revised  offer  to  sell 
to  Berk,  at  the  price  they  paid,  45%  of  the 
shares  acquired  in  Spencer  Chapman.  Cash 
price  for  the  whole  of  the  issue  capital  is 


over  1958  of  187,894  shares,  including  the 
additional  total  created  through  the  conversion 
of  debentures  and  payment  of  a  2%  stock 
dividend.  On  17th  February,  1960,  the  board 
declared  the  usual  25%  cash  quarterly 
dividend,  which  was  paid  on  30th  March. 

The  Future 

Sales  during  1960  are  expected  to  compare 
favourably  with  those  of  1959,  and  continued 
improvement  in  economic  conditions  with 
consequent  acceleration  in  consumer  demands 
is  indicated.  Also,  if  world-wide  requirements 
for  sulphur  continue  in  percentages  com¬ 
mensurate  with  the  increased  consumption 
noted  during  1959,  then  the  sulphur  industry, 
according  to  Mr.  Webb,  is  assured  of  another 
record-breaking  year. 

in  Spencer  Chapman 

£1,510,(X)0;  the  45%  holding  will  be  sold  to 
Berk  for  £679,500. 

The  businesses  of  Spencer  Chapman  and 
St.  Just  will  continue  to  be  operated  on  an 
independent  basis  under  their  own  boards  and 
managements  with  representatives  of  Borax 
and  Berk. 

Consolidated  profit  of  Spencer  Chapman 
and  St.  Just,  after  depreciation  and  before  tax 
for  the  year  ended  31  March,  1959,  was 

£203,704,  and  it  is  estimated  that  the  profit 
for  the  year  ending  31  March,  1960,  will 

reach  the  1959  level.  In  their  annual  report 
published  in  April,  Berk  report  an  all-round 
expansion  in  their  activities,  with  group  sales 
the  highest  yet  recorded  —  totalling  £8,344,100, 
and  an  increase  of  12%  over  the  preceding 
year.  A  particular  point  of  interest  is  the  sub¬ 
stantial  growth  in  the  quantity  of  molten 

sulphur  handled  by  the  company  for  the 

major  oil  companies  (see  page  34). 
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Production  Increased  at  Gulf  Sulphur, 
but  Profits  Lower 


I 

OPfcRATIONS  for  1959  in  Mexico  of  the 
Gulf  Sulphur  Corporation,  Houston, 
Texas,  resulted  in  a  net  loss  of  $168,138  as 
compared  with  losses  of  $530,218  for  1958 
)  and  $1,250,437  for  1957.  Severe  price  competi¬ 
tion  within  the  general  market  areas  supplied 
by  the  company  was  noted  and  Mr.  William 
I  Bellano,  president,  in  the  company’s  annual 
report  for  1959,  emphasises  that  “profitable 
operations  are  dependent  upon  increased  pro- 
I  duction  and  sales  volume,  reduced  royalty 
and  tax  payments,  and  most  important  of  all, 
upon  restitution  of  sulphur  prices  to  an 
I  economic  level”. 

Many  of  the  plant  improvements  started 
in  1958  were  completed  and  have  resulted  in 
'  lower  operating  costs,  reduced  administrative 
expenses,  better  product  quality  and  increased 
^  customer  service. 

Production  and  Shipments  and  Prices 

Sulphur  production  in  1959  was  increased 
I  to  285,798  tonnes  as  compared  with  267,309 
tonnes  for  1958  and  181,255  for  1957.  During 
the  last  quarter  of  1959,  however,  output  was 
)  reduced  in  order  to  control  inventories  at 
100,000  tonnes. 

Shipments  at  208,251  tonnes  were  lower 
*  when  compared  with  279,723  tonnes  for  1958. 
Principal  factors  in  the  reduced  sales  were  lack 
of  a  competitive  bright  yellow  product,  price 
^  cutting  and  increa.sed  production  of  bright 
sulphur  from  France.  Mr.  Bellano  expected 
1960  output  of  French  sulphur  to  be  doubled 
*  to  1,400,000  tons;  recovered  sulphur  prtxluc- 
tion  from  Western  Canada  has  not  as  yet 
affected  the  market  area  directly  served  by 
'  Gulf  Sulphur,  but  the  president  points  out 
that  as  gas  output  increases  greater  supplies 
of  recovered  sulphur  will  become  available  for 
'  world  trade.  Volume  of  world  sulphur  sales, 
in  all  forms,  increased  substantially  in  1959 
to  over  16  million  tons. 

Price  competition  became  more  severe  as 


the  year  progressed  and  reached  a  climax 
during  the  second  half  when  a  freight 
equalisation  and  discount  plan  placed  into 
effect  by  some  of  the  larger  producers.  In 
the  last  quarter  of  1959  ocean  shipping  rates 
increased  as  much  as  25%  causing  further 
aggravation  of  an  already  sensitive  price 
structure. 

In  this  context  Mr.  Bellano  emphasised 
that  whereas  historically  the  industry  has  quoted 
prices  F.O.B.  p<.)int  of  origin,  recent  trends, 
brought  about  by  wider  geographical  distribu¬ 
tion  of  sulphur  materials,  are  toward  de¬ 
livered  price  quotations.  In  addition  the  trend 
towards  sUK'kpiling  within  reach  of  strategic 
markets  continues.  Gulf  Sulphur  have 
established  a  bulk  sulphur  stockpile  in  the 
Tampa  area,  and  are  seriously  considering 
several  others,  Mr.  Bellano  reports. 

Capital  Expenditures 

During  1959  approximately  $493,000  was 
spent  on  property,  plant  and  equipment.  The 
improvement  programme,  begun  in  1958  to 
provide  changes  and  additions  in  mining  and 
handling  facilities,  represented  a  total  outlay 
of  $1,300,(XX)  of  which  $1I0,(XX)  remains  to  be 
paid  on  installment  terms  extended  by 
suppliers. 

A  development  programme  was  started 
early  in  1959  to  produce  a  bright  yellow 
sulphur  that  would  be  competitive,  both  in 
quality  and  colour  with  the  French  product. 
In  September  last  year  the  filter  plant  was 
converted  to  the  new  acid  treatment  process 
and  production  of  filtered  sulphur  was  dis¬ 
continued.  Sales  acceptance  of  bright  sulphur 
has  been  good  and  Gulf  Sulphur  plan  to 
increase  production  as  required. 

Capital  expenditures  for  1960  are  estimated 
at  $70,000,  to  be  applied  against  normal 
equipment  replacement,  additions  to  the  bright 
sulphur  plant  and  exploration  for  new  reserves. 
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Reserves 

Since  commencement  of  operations  in 
April  1956,  850,000  tonnes  of  sulphur  have 
been  produced  from  the  Salinas  structure. 
Reserves  measured  and  inferred,  remaining 
in  this  deposit  are  estimated  to  be  5,850,(XX) 
tonnes.  Company  concessions  total  12,(XX) 
acres  and  a  ‘modest’  exploratory  drilling 
programme  is  underway  to  provide  more 
information  and  guidance. 

Royalties  and  Taxes 

Royalty  payments  on  production  and 
sales  constitute  the  largest  single  cost  item  in 
operations.  Through  negotiations  some  of  the 
royalties  have  been  reduced  so  that  payments 
now  total  S5.45  per  ton  as  against  S6.3()  per 
ton  at  the  start  of  1959.  Accrued  royalty  pay¬ 
ments  at  the  year  end  amounted  to  $889,094. 
Direct  levies  such  as  the  1.1%  production  tax, 
the  Free  Port  in  and  out  tax  and  the 
technical  services  tax  total  $0.57  per  tonne. 

Finance 

Sales  of  sulphur  were  valued  at  $4,228,847 


in  1959  as  against  $5,667,417  in  the  previous 
year.  Net  income  totalled  $16,714  compared 
with  $72,918  in  1958  but  after  depreciation,  ( 
depletion  and  amortisation,  there  was  a  net 
income  loss  for  the  year  of  $584,882 
($703,136  in  1958).  The  year  started  with  an  i 
earned  surplus  deficit  of  $2,883,768  ($2,253,550 
in  1958)  and  at  the  end  of  the  year  this  loss 
was  $3,051,906  (£883,768).  < 

(icneral  position  ^ 

This  year  Gulf  Sulphur  expect  to  main¬ 
tain  production  in  line  with  shipments.  Due 
mainly  to  the  introduction  of  their  99.9%  j 
bright  yellow  sulphur,  sales  for  the  first  quarter 
of  1960  are  estimated  at  85,(KK)  tons,  an  im¬ 
provement  of  85%  over  the  similar  period  last  j 
year.  Volumes  of  world  sulphur  sales,  in  all 
forms,  are  expected  to  show  a  5%  increase 
this  year,  Mr.  Bellano  indicates,  but  lower  | 
sales  prices  prevail  so  that  net  back  realisation 
is  expected  to  be  down  more  than  2%.  No 
new  major  additions  are  planned  for  1960  by 
Gulf  Sulphur. 


Tangyes  Pump  for  Hot 

I  LUTE  sulphuric  acid  is  amongst  the 
most  corrosive  of  liquids.  It  is  claimed 
that  pumps  having  their  “  wet  ”  parts  made  of 
ceramics  or  lined  with  porcelain  or  rubber  are 
either  too  fragile  or  wear  out  too  quickly.  With 
all  liquid-contact  parts  in  hard  lead  there  is  a 
high  resistance  to  corrosion,  and  in  addition 
any  wear  or  damage  can  quickly  be  made  good 
by  the  fusion  of  new  lead  where  required. 

Tangyes  Limited  of  Smethwick,  Birming¬ 
ham,  who  make  a  range  of  pumps  for  dilute 
sulphuric  acid,  have  recently  brought  out  a 
new  design  incorporating  several  features  of 
interest.  Vertical  splitting  of  the  pump  casing 
permits  rapid  inspection  of  the  impeller  and 
passages.  The  housing  of  the  main  bearings 
supports  a  substantial  pump  impeller  shaft, 
the  bearings  being  well  isolated  from  the  pump 
hydraulic  unit.  The  shaft  enters  the  pump  via 
a  soft  packed  stuffing  box  which  is  pressure- 


Dilute  Sulphuric  Acid 

fed  with  grease.  An  additional  supplementary 
gland  is  fitted,  and  this  traps  the  normal  gland 
leakage.  A  thrower  arrests  any  minor 
seepage  from  the  supplementary  gland.  The 
bearing  housing  incorporates  a  micro-axial 
spindle  adjustment  to  enable  accurate  setting 
of  the  impeller  to  be  carried  out  with  ease. 
The  shaft,  which  is  of  “  Monel  ”  metal,  is  sup¬ 
ported  in  the  pump  body  by  a  rear-bearing 
bush,  which  is  of  an  acid-resistant  plastic. 
Renewable  sleeves  are  fitted  in  the  internal 
bearings  and  also  where  the  shaft  passes 
through  the  stuffing  box.  Replacement  of  these 
is  cheaper  than  changing  the  shaft. 

For  pumps  with  a  2  in.  or  3  in.  discharge, 
a  single  entry  design  is  also  available.  Double 
entry  pumps  are  made  having  a  discharge  of 
up  to  8  in.  Output  ranges  from  50  gallons  to 
1,8(X)  gallons  of  liquid  per  minute  with  a  head 
of  up  to  80  ft. 
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UNITED  STATES 


PRODUCTION  STOCKS  EXPORTS  IMPORTS* 


Frasch  Recovered 

Frasch  Recovered 

1956 

6,427,229  480,980 

3,936,450  119,446 

1,651,597 

203,044 

1957 

5,491,210  519,078 

4,422,548  157,075 

1,561,093 

484,680 

1958 

4,644,812  619,594 

4,442,066  177,271 

1,575,071 

565,690 

1959 

4,553,634  650.763 

3,809,708  140,246 

1,611,908 

612,474 

1959  April 

390,757 

48,929 

4,248,242  169,605 

137,371 

56,404 

May 

389,212 

56,964 

4,155,945  166,350 

148,526 

63,281 

June 

346,887 

58,679 

4,078,807  162,911 

125,337 

91,659 

July 

312,192 

53,636 

4,008,018  159,944 

175,316 

59,926 

August 

368,561 

54,169 

3,875,792  156,342 

178.010 

49,928 

September 

399,157 

52,050 

3,814,932  154,211 

148,968 

68,825 

October 

483,086 

49,950 

3,899,128  145,185 

125,474 

29,091 

November 

408,481 

51,623 

3,833,537  142,157 

141,442 

31,415 

December 

411,531 

59,455 

3,809,708  140,246 

160,538 

31,461 

I960  January 

388,630 

54,907 

3,845,754  133,860 

116,523 

79,294 

February 

366,357 

57,546 

3.811,384  131,466 

Not  available  Not  available 

Official  Bureau  of  Mines  Data  (long  tons  of  2,240  lbs.) 

*  Imports  of  sulphur  from  Mexico  only. 

SULPHUR 

EXPORTS 

Long  Tons 

1958 

1959 

Difference 

Canada  . . 

..  332,262 

287,500 

—  44,762 

Cuba 

11,750 

30,943 

^  19,193 

Guatemala 

100 

99 

—  1 

Peru 

2,991 

4,909 

+  1,918 

Costa  Rica 

31 

33 

f  2 

Finland  . . 

43,894 

12,600 

—  31,294 

N.  Antillies 

5,000 

5,000 

Yugoslavia 

2,000 

2,000 

Brazil 

. .  97,007 

126,391 

.  29,384 

Greece 

999 

— 

—  999 

United  Kingdom 

..  279,053 

m.iio 

—  5,823 

Israel 

7,500 

25,069 

+  16,569 

Belgium 

..  100,180 

53,675 

—  46,505 

Canary  Islands 

4,428 

4,920 

-  492 

France 

. .  99,065 

85,945 

—  13,120 

Suadi  Arabia 

90 

1,532 

-r  1.442 

Germany  West 

. .  42,361 

86,290 

f  43,929 

Aden 

100 

— 

—  100 

Sweden 

..  18,367 

— 

—  18,367 

Morocco 

7,700 

— 

—  7,700 

Austria  . . 

..  25,717 

10,000 

—  15,717 

Bahrain  . . 

371 

521 

+  150 

Norway 

3,141 

— 

—  3,141 

Paraguay 

29 

1,606 

+  1,577 

Iran 

6,000 

2,260 

—  3,740 

Spain 

4,921 

— 

—  4,921 

Philippine  Republic  1,944 

900 

—  1,044 

Honduras 

36 

71 

^  35 

Australia 

..  124,604 

123,084 

—  1,520 

Nicaragua 

— 

1,446 

-r  1,446 

Algeria  . . 

. .  23,560 

9,000 

—  14,560 

Columbia 

— 

314 

-  314 

Union  of  S.  Africa  65.900 

61,385 

—  4,515 

Syria 

— 

49 

-  49 

India 

..  114,028 

124,699 

4  10,671 

Tunisia  .. 

— 

15,833 

r  15,833 

Venezuela 

2,080 

3.291 

-  1,211 

Denmark 

— 

1,000 

-  1,000 

Pakistan 

3,065 

2,317 

—  928 

Sweden 

— 

9,825 

^  9.825 

Indonesia 

7,800 

7,700 

—  100 

Czechoslovakia 

— 

10,600 

4  10,600 

Korean  Republic 

1,844 

913 

—  931 

Ceylon  . . 

— 

109 

4^  109 

New  Zealand 

. .  39,854 

84,039 

.  44,185 

Burma  . . 

— 

545 

-  545 

Uruguay 

6,133 

3,262 

—  2,871 

Mexico  . . 

— 

20 

^  20 

Argentine 

. .  32,852 

32,776 

—  76 

Dominican  Republic  — 

399 

-  399 

Netherlands 

. .  10,400 

41,799 

-  31,399 

Taiwan  . . 

— 

4,133 

-r  4,133 

Switzerland 

40,905 

34,700 

—  6,205 

Egypt  . . 

— 

36 

4  36 

Poland  . . 

2,500 

22,320 

1  19,820 

— 

— 

Lebanon 

2,499 

1,000 

—  1,499 

Total 

1,575,071 

1,611,908 

-  36,837 

MEXICO 

PRODUCTION 

Pan  American 

Gulf  Sulphur 

PE  M  EE  and 

Negociacion  Minera 

Sulphur  Co. 

Corporation 

Texas  Gulf  Sulphur 

de  Azufre  SA 

Total 

1959  January  .. 

. .  66,862 

23,004 

15,000 

1,400 

106,266 

February 

..  67,184 

24,424 

14,060 

1,422 

107,090 

March  . . 

..  72,941 

26,620 

15,620 

1,500 

1 16,681 

April 

..  63,188 

25,237 

16,000 

1,500 

105,925 

May 

..  69,140 

23,093 

15,200 

1,591 

109,024 

June 

..  73,166 

25,144 

14,500 

1,500 

114,310 

July 

. .  87,643 

26,833 

16,000 

1,500 

131,976 

August 

..  78,231 

25,270 

17,000 

1,500 

122,001 

September 

. .  72,577 

23,407 

17,000 

1,600 

114,584 

October 

. .  83,987 

20,158 

16,480 

1,500 

122,125 

November 

. .  75,669 

20,719 

16,800 

1,500 

1 14,688 

December 

. .  75,755 

18,559 

17,000 

1,500 

112,814 

1960  January 

. .  72,758 

21,127 

17,500 

1,500 

112,885t 

February 

..  68,518 

17,885 

7,750t 

1,500 

99,653 

March  . . 

..  71,242 

18,740 

7,312 

1,500 

98,794 

t  Texas  Gulf  Sulphur  ceased  operations. 

{  Includes  500  tons  produced  by  Texas  International  Sulphur  Company. 
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NORWAY 


PYRITES  EXPORTS 

SULPHUR  EXPORTS 

Metric 

Tons 

Metric  Tons 

1958 

1959 

1958 

1959 

Denmark 

. .  45,593 

56,340 

Finland  . . 

..  20,391 

21,389 

Sweden 

..  103,752 

77,836 

Sweden 

..  31,475 

38,820 

West  Germany 

..  155,025 

216,598 

Spain 

— 

5,000 

East  Germany 

..  41,584 

* 

Others  . . 

3,303 

249 

Czechoslovakia 

..  21,771 

* 

— 

France 

..  11,024 

* 

Total 

. .  55,169 

65,458 

Netherlands 

. .  10,405 

* 

Others  . . 

6,272 

57,386 

Total 

. .  394,826 

408,154 

*  Included  under  others. 


NETHERLANDS 

PYRITES  IMPORTS 


Metric  Tons 
1958  1959 


Ireland  . . 

538 

945 

Norway 

8,782 

19,766 

Portugal.. 

..  103,691 

100,159 

Spain 

8,195 

22,820 

Italy 

..  86,931 

170,721 

Greece 

..  12,510 

14,430 

Cyprus  . . 

..  112,627 

110,616 

Total 

..  333,384 

379,579 

CRUDE  SULPHUR  IMPORTS 

Metric  Tons 

1958 

1959 

U.S.A. 

..  21,915 

30,878 

Mexico  . . 

. .  42,957 

19,610 

West  Germany  . . 

— 

157 

France 

— 

7,763 

Total 

64,890 

58,408 

REFINED  SULPHUR  IMPORTS 

Metric  Tons 

1958 

1959 

Belgium/Luxembourg 

166 

162 

United  Kingdom 

36 

45 

West  Germany  . . 

668 

1,048 

France 

— 

90 

U.S.A. 

— 

6 

Total 

928 

1,387 

WEST  GERMANY 

SULPHUR  IMPORTS 

Metric  Tons 


Jcin-  Dec. 

Jan.- Nov. 

1958 

1959 

France 

..  13,046 

28,682 

U.S.A. 

. .  42,286 

53,969 

Mexico  . . 

8,716 

5,979 

Total 

64,048 

88.630 

PYRITES  IMPORTS 

Metric  Tons 

Jan. -Dec. 

Jan.- Nov. 

1958 

1959 

Finland 

..  22,156 

21,861 

Greece 

3,101 

— 

Yugoslavia 

. .  60,965 

61,262 

Norway 

..  156,414 

186,352 

Portugal 

..  59,451 

61,254 

Sweden 

..  11,922 

— 

Spain 

..  524,463 

474,895 

Turkey  .. 

..  30,108 

41,020 

Canada 

..  33,177 

— 

Cuba 

..  36,081 

24,943 

Cyprus  . . 

..  387,897 

365,349 

Others 

1,765 

— 

Total 

..1,327,872 

1,236,687 

BELGIUM 


PYRITES  IMPORTS 

Metric  Tons 


1958 

1959 

Portugal 

. .  109,702 

66,499 

Spain 

. .  87,952 

116,896 

Cyprus  . . 

. .  59,641 

82,170 

Total 

..  266,765 

270,256 

CRUDE  SULPHUR  IMPORTS 

Metric  Tons 


1958 

1959 

Netherlands 

1.304 

8,314 

France 

. .  — 

23,519 

U.S.A. 

. .  88,446 

74,484 

Mexico  . . 

— 

29,113 

Total 

. .  %,167 

135,722 

SULPHUR 


from 


EXICO 


GULF  SULPHUR  CORPORATION 

ARE  NOW  PRODUCING  AND  NAVE  STOCKS  OF  ACID  TREATED  DRIONT  SULPHUR 


General  Sales  Agents  :  Continental  Ore  Corporation,  500  Fifth  Avenue, 

New  York  36,  N.Y. 

London  Representatives:  R.  M.  Collins,  60  St.  James  Street,  London,  S.W.1. 


chemical  a^e  India 


A  QI  ARTKRLY  TKCHMCAL  JOURNAL 

(in  the  10th  year  of  publication)  on  the 
chemical  and  allied  industries,  the  only  i 
specialised  journal  in  Asia,  engaging  interest 
of  industrial  chemists,  chemical  engineers, 
manufacturers  and  processors  of  chemicals  and 
chemical  products,  technological  and  scientific 
institutes  and  libraries,  Government  depart¬ 
ments,  public  sector  units. 

KSTABLISIIED  IN  1950,  the  journal  is 
widely  read  in  India  and  throughout  the  world,  ! 
and  retained  for  reference  for  many  years.  The  ' 
past  issues  constitute  the  only  printed  record 
,  of  the  growth  and  development  of  the  Indian 
chemical  process  industries. 

I 

MAIN  FEATURES:  Technical  articles  on 
chemical  technology,  chemical  engineering,  i 
|i  unit  process,  plant  and  equipment,  instruments,  |j 
pilot-plant  studies,  with  emphasis  on  basic  ji 
j  heavy  chemicals;  technical  article  abstracts,  n 
;I  book  reviews,  standards,  patents,  new  products  ji 
and  processes,  statistics,  progress  reports. 

Editor:  J.  P.  DE  SOUSA,  M.Sc.,  F.G.M.S. 

Napier  House. 

24/27,  High  Holborn.  London,  VV.C.l. 
Telephone  :  HOLborn  5022. 

65,  Mahatma  Gandhi  Road, 

Bombay,  1. 

Grams  :  “  KEMICALAGE.” 

Phone  :  252072. 


WHERE  JT  PA  YS 

The 

MIDDLE  EAST 
BUSINESS  DIGEST 

gives  complete  coverage  of  the  financial #  j| 
business  and  industrial  developments  in  .j 
Lebanon,  United  Arab  Republic,  Iraqi  ' 
Republic,  Jordan,  Sudan,  Libya,  Yemen,  j 
Saudi  Arabia,  Kuwait,  Bahrain,  Persia,  jj 
Turkey,  Pakistan,  India  and  an  “  African  i' 

Digest  I 

il 

The  Digest  appears  on  the  1st  and  i 
16th  of  every  month. 

This  magazine  is 
the  best  medium  for  I' 
advertising  in  the 
MIDDLE  EAST 

Annual  Subscription  rates,  Air  Mailed  outside 
Lebanon  and  Syria: 

L.  L.  40  Lebanon 
L.  L.  45  or  equivalent  Middle  East 
£  6  UK  (Payable  in  Sterling) 

$  25.00  Central  &  South  America,  Far  East, 
Japan  &  Australasia 

$  18.00  or  equivalent  U.S.,  Europe  & 
Elsewhere 

Address : 

MIDDLE  EAST  BUSINESS 
DIGEST 

P.O.  Box  3299,  Beirut, 

LEBANON  i: 
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FOSTER 


lOO  ions  of  sulphur  ^ 

per  Jay  arc  recovered  from  vs 

hydroacn  sulphide  ijas  at  the  tsso  ^ 

Refinery  ai  I'awley  from  the  Sulphur  Recovery 
Plant  Jesiened  and  huilt  by  I  'oster  Wheeler.  This  is  one  of 
several  Foster  Vi  heeler  Sulphur  Recovery  Plants  with  a  combined 
output  capacity  of  over  900  tons  per  day— an  important  contribution, 
to  the  total  sulphur  supply. 
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TRADE  DIRECTORY  ot  the 
CHEMICAL  lYDCSTRY 

In  the  Federal  Republic  of  Germany  and  West  Berlin 

Incorporating  WENZELS  DIRECTORY  and  COMMODITY  GUIDE 


This  directory,  published  in  conjunction  with  the  Association 
of  German  Chemical  Manufacturers  is  the  only  official  and 
comprehensive  trade  directory  embracing  both  firms  and 
products,  following  the  amalgamation  of  the  former  two 
recognized  manuals.  It  contains  fullest  information  on  chemical 
concerns  and  their  manufactures,  in  West  Germany  and  West 
Berlin,  and  is  an  essential  reference  work  for  all  firms  and 
business  houses  engaged  in  trading  or  seeking  to  expand  their 
trade  with  the  German  chemical  industry. 


Price  £4-15-0 
or  U.S.  $12 


The  Trade  Directory  of  the  Chemical  Industry  contains  the  following  sections  : 


List  of  firms 


Local  index 


List  of  products 


More  than  3,200  chemical  manufacturers  and  commercial 
concerns  are  listed  alphabetically,  together  with  full  addresses 
and  details  of  supply  programmes. 

All  firms  contained  in  the  alphabetical  index  have  been  listed 
according  to  town  and  district,  an  invaluable  aid  to  both  foreign 
and  domestic  buyer. 

Manufacturers  of  each  individual  product  of  all  German 
chemical  concerns  located  in  West  Germany  and  in  West 
Berlin,  together  with  the  respective  commercial  firms,  are 
listed  under  more  than  10,000  headings. 


Registered  trade  names  The  most  comprehensive  list  so  far  published  of  about  4,000 
registered  trade  names  together  with  details  of  products 
supplied  by  the  manufacturing  firms. 


ENGLISH,  FRENCH  and  SPANISH  TRANSLATIONS  of  products  and  indexes  greatly 
facilitate  use  by  foreign  firms. 


Econ-Verlag  GMBH  •  Diisseldorf 


GERMANY 


CATlOf^ 

riD  PLANT 


draw  IN 


YOUR  BY-PRODUCTS  PLANT 


CAN  ALSO  EASILY  BE  CONVERTED 


TO  WET  PURIFICATION... 


Conversion  of  all  types  of  Gasworks  and 
Coke  Ovens  by-products  plants  to  permit 
removal  of  'HzS  and  subsequent  sulphur 
recovery  or  sulphuric  acid  manufacture 


Please  write  for  further  details  to: 


Telegrams:  EVCOPPEE,  NORPHONE,  LONDON 
GLASGOW;  121  DOUGLAS  STREET.  C.2 
NEWCASTLE-ON-TYNE:  MANSION  HOUSE  CHAMBERS 


LONDON.  W.1  Telephone:  HYDe  Park  6801 


This  unique  publication  is  the  only  comprehensive  Directory  and  Who’s  Who 
of  the  British  chemical  industry.  It  features  producers  of  chemicals,  chemical 
plant,  laboratory  equipment,  etc.,  with  a  two-part  Buyers’  Guide  to  their 
products.  Also  included  are  authoritative  lists  of  chemical  and  allied  associations, 
research  organisations.  Ministries  and  State  Agencies,  a  guide  to  chemistry 
educational  facilities  and  a  Who’s  Who  of  the  chemical  industry,  chemical 
engineering  and  chemistry. 

Copies  are  available  at  £3  3s.  Od.  or  free  to  subscribers  to  CHEMICAL 
AGE  ”—52  6d. 


CHEMICAL  AGE 


The  ifionthiy 
Freight  Mterietr 


Edited  by  C.  F.  H.  CUFLEY,  f.i.c.s. 


A  digest  of  world  shipping  from  the 
consumer  angle,  w'ith  special  emphasis 
on  the  needs  of  the  fertilizer,  mineral 
and  metal  industries 


The  Quarterly  Magazines 

SULPHUR  and  NITROGEN 

Are  recognised  as  the  only  authoritative  ji 
publications  covering  these  two  industries.  '! 


Full  coverage  of  all  sectors  of  the 
Freight  Market,  detailed  reporting 
and  analysis  of  charterings  affecting 
the  above  trades,  and  interpretation 
of  market  trends  are  included  in  each 


They  are  published  by 

The  British  Sulphur  Corporation 


which  can  also  offer  a  comprehensive 
I  consultancy  service  on  technical,  economic 


and  statistical  problems. 


Annual  Subscription  £10  10  0  within  Europe 
By  Airmail  to  other  countries  £12  10  0  ($35). 


SHIPPING  STUDIES  LTD. 


GREAT  BURCHES  ROAD.  THUNDERSLEY,  ESSEX 
TELEPHONE:  RAYLEIGH  1122 


For  further  information,  write  to  : 

The  Publicity  Manager, 

The  British  Sulphur  Corporation  Ltd, 
Fison  House,  95  Wigmore  Street, 
London,  W.  1. 
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BOUVERIE  HOUSE,  154  FLEET  STREET,  LONDON  E.C.4 


I 

i 

i 


’  JEFFERSON  LAKE 

SULPHUR  COMPANY 

SULPHUR 

PRODUCERS 

I  '  99.5  PER  CENT.  PLUS  PURITY 

(FREE  OF  ARSENIC,  SELENIUM  AND  TELLURIUM) 

Mines  and  Plants  Located  at  : 

I  I  Clement  Dome  Brazoria  County,  Texas. 

Long  Point  Dome,  Fort  Bend  County,  Texas. 
Starks  Dome,  Calcasieu  Parish,  Louisiana. 

,j  Manderton  Field  :  Manderson,  Wyoming. 

I  Peace  River  Plant,  British  Columbia,  operated  by 
Jefferson  Lake  Petrochemicals  of  Canada,  Ltd . 

II 

GENERAL  OFFICES  : 

'  1408  WHITNEY  BUILDING 

NEW  ORLEANS  12.  U.S.A. 

I 


EXCLUSIVE  SELLERS  OF 
CRUDE  ITALIAN  SULPHUR 

HEAD  OFFICE 

ROME  -  Via  Nerva  2 
Tel.  484444-45-46 
Telegraphic  Address 
ITALZOLFI  ROME 


Sole  distributors  for  | 

United  Kingdom  and  Eire  j 

JOSEPH  WEIL  &  SON,  LTD.  1 

Friars  House 

39-41  New  Broad  Street  j 

LONDON,  E.C.2.  i' 


RECOMMENDED 

LITERATURE 

DR.  VOLKER  FRANZEN 

Reaction  Mechanisms 

First  Series. 

I  XIII  160  pages,  linen  bound  with  dust  jacket.  DM  18. 

The  first  item  in  a  compilation  of  basic  organic 
chemical  reactions  with  clarification  of  the  reaction 
mechanisms  involved.  The  publication  is  equally 
important  for  scientist  and  technical  chemists,  for  , 
the  teacher  or  for  the  student  of  chemistry. 

DR.  HANZ  BATZER 

Introduction  to 
Macromolecular  Chemistry 

j  With  introduction  by  Prof.  Dr.  H.  Staudinger,  Freiburg. 

I  XI  223  pages,  30  illustrations,  linen  bound,  with  dust 
jacket.  DM  19.80. 

I  This  book  provides  an  introduction  to  the  scientific  | 
fundamentals  of  macromolecular  chemistry.  It  not  i 
only  provides  a  valuable  introduction  for  the  student  .! 

I  to  the  problems  of  this  new  field,  but  is  also  useful 

to  anybody  wishing  to  obtain  a  general  view  of  ' 
macromolecular  chemistry.  ^ 

II  DR.  WERNER  PERKOW 

! 

The  Insecticides 

.  Chemistry,  mode  of  action  and  toxicity. 

I  VIII  384  pages,  16  tables,  linen  bound  with  dust  jacket 

!  DM  28.  i 

I  1 

i  A  thorough  introduction  to  insecticides  for  the  i 
potential  specialist,  a  reference  work  for  those  I 

^  already  scientifically  or  technically  engaged  in  the  i 

I  field.  Information  is  given  on  chemical,  biological  i' 

I  and  toxicological  matters  and  understanding  of  : 

the  technical  terms  is  facilitated  by  a  list  of  the  : 
Latin  names  of  insect  pests.  || 

LUDWIG  SCHEICHL  j 

Fire  and  Chemical 

I  Production  I 

An  introduction  into  the  fundamentals.  j 

Second  revised  and  enlarged  edition.  |i 

XXIV  424  pages,  47  illustrations  and  two  tables,  linen  II 
bound  with  dust  jacket.  DM  28.  !i 

The  combustion  process  of  fire  extinguishing  are 
discussed  from  the  fundamental  scientific  physical  |l 
practical  basis.  Long  practical  experience,  the  ;| 
author’s  own  work  and  the  available  literature  are  ! 
systematically  interwoven  to  present  a  complete  |i 
picture  of  the  present  state  of  knowledge  relating  ' 
to  fire  and  to  the  working  of  fire  extinguishing  ; 
media.  ii 

DR.  ALFRED  HUTHIG 
VERLAG  GMBH 
HEIDELBERG  | 
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OFFICES  OR  AFFILIATES  IN 


Fertilizers  and 
Fertilizer  Raw  Materials 


Melbourne,  Australia 
Vienna,  Austria 
Rio  de  Janeiro,  Brazil 
Calgary,  Canada 
London,  England 
Paris,  France 
Dusseldorf,  Germany 
Bombay,  India 
Calcutta,  India 
New  Delhi,  India 
Secunderabad,  India 
Teheran,  Iran 
Florence,  Italy 
Tokyo,  Japan 
Seoul,  Korea 

Luxembourg,  Luxembourg 
Mexico  City,  Mexico 
Manila,  P. I. 


& 


INTERNATIONAL  ORE 
FERTILIZER  CORPORATION 


Lisbon,  Portugal 
Durban,  South  Africa 
Madrid,  Spain 
Lausanne,  Switzerland 
Tampa,  Florida,  U.S.A. 


500  FIFTH  AVENUE,  NEW  YORK  36,  N.  Y.  •  DIVISIONS:  Phosphate  Rock  Export  Corporation,  Seed  &  Feed  Corporation 
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